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New Model Laboratory Balances 


No. 162 HARVARD TRIP BALANCE. This new model balance represents the 
greatest advance in trip balance construction in many years. Among 
the outstanding new features are the following: 

New box-end beam construction 

Recessed balance adjustment nuts 

Angle View Dial 

Self-aligning agate bearings 

Sliding type poise with center pointed indicating panel 

Angle view relief etched beams 

Specifications: Beam Calibration 200 x 10 gram, 10 x 0.1 gram 
Capacity 2 Kg. Sensitivity 0.1 gram 
Six inch diameter stainless steel plates 
No. 162 Harverd Trip Balance Price $22.80 





No. 142 TRIPLE BEAM BALANCE. Stainless steel plate and beams. New mod 
ern construction. Capacity with attachment weights 2610 grams. 
Beam calibration: Front, 10 grams full scale, 0.1 gram divisions 

Rear, 100 grams full scale, 10 gram divisions 
Center, 500 grams full scale, 100 gram divisions 
Outstanding features: Stainless steel plate is perfectly smooth to 
facilitate cleaning. No obstructing rim 
Rust-proof alloy housings for agate bearings 
Sliding poise which locks into accurately 
milled notches at each calibration 
Set screw and hole in base for mounting on 





; table for specific gravity weighings 
‘ Tripl , . - 
eee eee Ceeanee Without attachment weights, capacity 610 grams $19.15 
142 A, 500 GRAM ATTACHMENT WEIGHT, capacity L110 grams 0.95 
142 B, 1000 GRAM ATTACHMENT WEIGHT, capacity 2110 grams 1.70 


(Two 1000 gram weights needed to weigh 2610 grams) 


No. 247 CENTOGRAM TRIPLE BEAM BALANCE. A balance which is sensitive to on: 
hundredth of a gram, yet has a capacity of 311 grams. It is designed for 
faster, more accurate readings and longer life. 

Beam calibration: Front, 1 gram full scale, .01 gram divisions 


Rear, 10 grams full scale, 1 gram divisions 


Center, 100 grams full scale, 10 gram divisions 


Outstanding features: Rapid action balance arrest 
Slider type poise with center pointed indicating panel 
Self storing attachment weights 


Dust proof self-locking bearing covers 





No. 247 Centogram Triple Beam Reund spirit level with leveling screws 
Balance Price $29.50 


STANS! SCIENTIFIC CO. 


1231 NO. HONORE ST. 
CHICAGO 22, ILLINOIS 








Special “TWREE-BUCK PACKAGE” Offer 


(Expires December 31, 1955) 


SELECTED SCIENCE TEACHING IDEAS OF 1952 $1.50 


Fifteen reports from entries in the 1952 Program of Recognition Awards 
for Science Teachers, sponsored by the American Society for Metals. 1953. 
68 pp. 


ABSTRACTS OF SCIENCE TEACHING IDEAS $1.00 


Abstracts of all entries in the 1953 and 1954 Programs of Recognition 
Awards for Science Teachers; activities and innovations in science teach- 
ing. 1955, 28 pp. 


ENCOURAGING FUTURE SCIENTISTS: STUDENT PROJECTS $ .50 


Ideas for student projects, and how projects should be reported as exempii- 
fied by student entries in the programs of Science Achievement Awards 
for Students sponsored by the American Society for Metals. 1954. 28 pp. 


SCIENCE IN SECONDARY SCHOOLS TODAY $1.50 


Forty contributors bring you up to date by presenting their views on 
science teaching trends, perplexing problems, and promising practices. 
One of the “landmarks” in recent science education literature. 1953. 


272 pp. 


Total Value $4.50 


These four booklets will be sent to one address for only $3.00; postage 
paid on prepaid orders. Booklets may be ordered separately at above 
prices. Use the coupon below. You may also order: 


SCHOOL FACILITIES FOR SCIENCE INSTRUCTION $5.50 
Planning a new science laboratory? Buying science equipment? Here is 
a book which deals with basic principles underlying facilities for ele- 
mentary science, biology, chemistry, physics, and college facilities for 
the education of science teachers. Includes a list of and sources for sup- 
plies, equipment, and furniture. 1954. 266 pp. ($5.00 to NSTA members 
or $5.00 if ordered on coupon below.) 








National Science Teachers Association 
1201 Sixteenth Street, N. W. 
Washington 6, D. C. 
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‘‘From the nature of things, ideas do not come from 
prosperity, affluence and contentment, but rather from 
the blackness of despair, not in the bright light of day 
or in the footlight’s glare but rather in the quiet, 
undisturbed hours of midnight or early morning when 
one is alone to think!’”’ ... Dr. Frederick Banting. 


The young doctor intimatel ly knew despair 


A specialist before the age of specialization, 
he had a new practice complete except for 
patients. An orthopedic surgeon, he eagerly 
accepted the chance to teach anatomy and 
physiology at the local university’s medical 
school. Teaching required long nights of 
study for lecture preparation. It was during 
one such session on the pancreas that his 
idea came. 

A medical journal article reported that the 
entire pancreas, except the portion called the 
islets of Langerhans, could atrophy without 
the patient’s contracting diabetes. 

Curious! The doctor recalled another fact: 
Removing the entire pancreas invariably re- 
sulted in diabetes. From these observations 
came the idea that led to the discovery of 
insulin by Dr. Frederick Banting, the young 
orthopedic surgeon, and his colleague, Dr. 
Charles A. Best. 

As with most scientific hypotheses, there 
lies between inspired idea and proven reality 
a period of trial and error, an often an- 
guished time of “almost but not quite.” 





And it is in this time all the more impor- 
tant to have extreme control over all known 
values in order to gain control over the un- 
known. 

We offer a suggestion: Wherever in re- 


search you use glass apparatus, standardize 
on Pyrex brand laboratory ware. Its extreme 
chemical stability does not alter the materials 
you place in it. For 40 years the balanced 
properties of Pyrex brand ware have helped 
scientists in their explorations of the un- 
known. 


To experiment, 
test, compare — 
and still be sure— 
standardize on 
PYREX ware. Your 
laboratory supply 





dealer can fill your 
requirements. 


Corning Glass Works 


Corning, New York 


Corning meand research ix Cleedd 


PYREX’ laboratory ware 


... the tested tool of modern research 
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TEACHING INSTRUMENTS 


MICROSCOPES 


e Priced low for 
school budgets 


Easy to use 


Vew achromatically 


ILLUMINATORS 
© Designed « specially 
for microscopes 
. Lamps replaceable at low cost 


balane ‘ d obi etives 


colored for rapid identification 


—_ 





No. ‘ 
71 or more 
$4900 
each 


Table illu- 
minator for up 

to four microscopes. Large metal shade 
directs light towards table surface. 





Student microscope 
with performance fea- 
tures of higher-priced 
instruments. Coarse and 
fine adjustments. 100X 
and 430X magnifica- 
tions. Disc diaphragm 
and concave 


513900 
mirror. 5 or more 


each 











NEW 


No. 
73S 


Single, easy-to-use spring-loaded focus- 
ing adjustment eliminates racking 
objectives through slides. Clear 100X 
and 430X magnifications. Available with 
mirror or 385A substage 
illuminator. 5 or more 


511400 


each 





American 


ptical i 


School Address 


INSTRUMENT DIVISION 
BUFFALO 15, N.Y 


City 


Two inches lower than 
conventional instrument 
for student comfort. 
Built-in light source. 
Single, spring-loaded 
focusing adjustment. 
100X and 430X magni- 
fications. $41400 


5 or more 
each 











CO 73S 


A compact, 10 watt, 
No bakelite substage illu- 
f minator for monocular 
385A microscopes. Attached 
to #73 microscope with 
bracket adapter. 
5 or more $500 
each 





Dept. W95. Please send catalog(s) on: 


] 66S 


788 (710 (© 385A 


LJ 


Title 


Zone State 
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THIS MONTH’S COVER... is a picture taken 
during the Cancer Information Institute held October 
15 at the National Cancer Institute, Bethesda, Mary- 
land (see Editor’s Column). This group of science 
teachers is watching a research scientist show how to 
prepare Rous sarcoma virus in a demonstration of a 
tumor-producing agent. Suitable for high school use, 
this experiment can demonstrate rapid and sizable 
tumor growth in five to ten days in the muscle of a 
young chicken. 





Loren L. Hoch in “The Use of Sponsored Films in 


Teaching Biology” (TST, Sept., that 
“Educators are mainly in agreement that to be most 
effective, an educational film should be shown within 
the classroom.” This sounds plausible and with younger 
children and to those to whom films are not an accepted 
part of the school routine, it is probably true. 

In a large senior high school, we found the plan ex- 
tremely inefficient when the change to 16mm _ sound 
films was made. Many teachers did not bother getting 
films and others became discouraged when they could 
not get the films at the requested time. Some teachers 
never learned to operate the projector; many forgot 
how between showings. The same film would some- 
times be shown to the same pupils by different teachers 
There was poor selection of films and a great deal of 
wasted time preparing the rooms and moving the equip- 
ment. There were too many projector failures due to 
moving the equipment and inexpert handling; rapid 
repairs could not be made. The whole program bogged 
down. 


1955) states 


During fifteen years now, we have worked out a plan 
which uses a projection room with repair parts readily 
available and a crew of pupil operators who are quite 
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expert. Teachers have no responsibility for the care or 
operation of equipment 

At the beginning of the term, along with the course of 
study, the teacher receives a list of films for the course 
and the dates they will be shown. The room is in almost 
constant use. At the moment there are three American 
History classes which meet this period in the room 
Before the day is over, every class in that grade of 
history will have seen the film, “Winning Our Inde- 
pendence.” 

The plan lends itself to efficient management and we 
believe, that the learning value of the film is 
enhanced. A picture out of frame, dirt in the channel 
poor sound, a long wait following a break in the film 
burned out lamp will transfer attention of the 
class from the lesson in the film to the defect. We are 
quite proud of our system and hope that sometime the 
“educators” will catch up with us, the teachers 


C. VINCENT RIPPLI 
West Philadelphia High School 
Philadelphia, Pennsylvania 


also, 


or a 


Uses 


Energy, I had occasion to have several in- 


During the recent Conference on the Peaceful 
of Atomic 
formal conversations with a group of Soviet scientists 
ind at one time we got on the subject of their training 
of scientists and engineers. They were well aware of 
the concern in this country over the declining number 
of such graduates and pointed out that this was not the 
situation in the Soviet Union. They gave as one of the 
reasons the fact that serious effort was made in Russia 
to discover and encourage young students with technical 
potential, through good teaching beginning at the high 
school level 

\t the university level further encouragement to go 
into science and technology is maintaining 
high teaching standards and by making the teaching 


profession as attractive as possible. As a means to this 


issured by 


end, the Soviet scientists stated that university profes 
sors generally receive substantially higher pay than 
research workers in industry or the university. In addi 


give their 
would term “fringe benefits.’ These benefits 
might range all the way from a form of special recog 
nition having no tangible monetary value, to the supply- 
ing of homes, which has a direct monetary value 

At the high school level an effort is made to maintair 
1 similar pay ratio between teachers and research work 
ers, although it was thought that the actual difference 
in pay great as in the 
professors. From this and other information it 
that in the Soviet Union the teaching of 
secondary schools is done by highly qualified scientists 


the universities frequently 
what we 


tion protessors 


was not as case Of university 
1S clear 


science in 


who occupy a position of esteem and importance both 
among their scientific 
at large. 


colleagues and in the communit\ 
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The cover photo on this issue of TST will always remind 
me of one of the most interesting and fruitful one-day meet- 


ings I have attended in a long while. Two hundred science 
teachers from drive-in distance around Washington came to 
the National Cancer Institute on October 15 for a “look-see” 
at cancer problems and research—with a view, of course, as 
to how they could use in their own teaching the information, 
insight, and inspiration gained. 

The conference started with an idea in one man’s mind 
(not mine, though I wish it had). Planning for the affair 
went on over a two-month period. The planning involved 
research scientists, science teachers, science supervisors, and 
members of the NCI cancer information section. In other 
words, the conference was planned with teachers as well as 
for them. 

Opening with an orientation session on the objectives and 
work of NCI, the teachers then heard reports from staff 
members on the nature of cancer research in areas of the 
biological and physical sciences. Then the program moved 
to presentations in words and color slides of experiments 
and projects useful for high school science classes. A dozen 
or more busy NCI researchers took time to look for, define, 
try out, and write up experiments and techniques which are 
actually used in cancer research and which would be suitable 
for adaptation and use at the high school level. From the 
many which were suggested, ten were presented at the con- 
ference. 

After lunch in the NCI cafeteria, the teachers were divided 
into ten small groups and began their laboratory observa- 
tion-interview visits. Each group had half an hour in each 
of five laboratories. This meant that the scientists repeated 
their demonstrations and explanations five times during the 
afternoon. Complete printed directions and suggestions for 
all ten of the experiments were given to all of the teachers. 
Evaluation reports coming back from the teachers indicate 
that these demonstrations and interviews were highlights. 

The program concluded with a panel discussion by teach- 
ers of ways and means to integrate cancer information and 
the demonstrations into the school science subjects. 

This conference, in my view, again gave evidence that 
science teachers are eager for new information and new 
ideas and techniques for making their teaching more effec- 
tive. They want to know “what’s cooking” on the frontiers 
of research and how the cooking is being done. Also, it 
seemed to me, this conference demonstrated an easy, effec- 
tive, and inexpensive way to meet this appetite of teachers. 
The chief cost was the investment of time and thought by 
the research scientists themselves. (Of course, the teachers 
invested a day of their own “free time”’.) 

Perhaps this conference can be a model after which similar 
conferences could be developed in and around other research 
centers all over the United States. There is no dearth of 
medical, industrial, governmental, and university research 
laboratories easily accessible to most of the nation’s teachers. 


Getet-H. Ghibr- 
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A Completely NEW - Large 
Demonstration MICROMETER CALIPER 


Approximately 3 feet long when closed 


Designed especially for class or lecture table demonstration 








No. 51 
e Spindle and Yoke of Aluminum 
® Over-all Height 16'2 inches 


The principle of the micrometer screw for mak- 
ing exact measurements may be more effectively 
taught to larger groups of students with the aid 
of this new demonstration caliper. It is nearly 
three feet long when closed. 


The instrument is constructed almost entirely 
of metal but weighs only 12 pounds. The yoke, 
which is 19 inches across, is cast aluminum 
mounted on a cast-iron tripod base. The screw 
and nut are both of hard aluminum. The spindle, 
which is 1% inches in diameter and also of alumi- 
num, is held in good permanent alignment by two 
bearings nearly a foot apart. The barrel and the 
thimble are constructed of heavy, hard Bristol- 
board tubing to which printed scales are cemented, 
and are impregnated with a special waterproofing 
material so that the surfaces can be cleaned with 
a damp cloth. The thimble is 3% inches in diam- 
eter, providing a large easy-to-see scale. 





® Light Weight—12 pounds 


The smallest graduation of the linear scale on 
the barrel corresponds to the advance of the 
spindle caused by one revolution of the thimble. 
Two such graduations constitute the unit of meas- 
urement indicated by the numerals. The edge of 
the thimble is divided into 50 parts. Each thimble 
division is therefore 1/50 of the pitch, or 1/100 of 
the unit of measurement. The system therefore 
corresponds exactly to standard metric calipers 
having a half-millimeter pitch and reading to 0.01 
mm, although the instrument is many times larger. 


Zero adjustment is accomplished by loosening a 
setscrew in the thimble. This also permits remoy 
ing the entire thimble to expose the screw and its 
large Acme thread. The maximum opening be- 
tween spindle and anvil is slightly more than eight 
inches. The over-all height of the instrument is 
1642 inches. The metal parts have a smooth gray 
Hammerloid finish. 





No. 51 Demonstration Micrometer Caliper ..... Each $65-00 | 





W.M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 





ESTABLISHED 1880 


1515 Sedgwick Street, Dept. T, Chicago 10, Illinois, U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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By ELMER C. EASTON 


Dean, College of Engineering, Rutgers University, New Brunswick, New Jersey 


HE ADEQUACY of any commodity must be 

measured in terms of both supply and demand. 
A watchmaker who possesses a barrel of oil and who 
uses one drop of oil a day for lubricating his watches 
may be said to have an adequate supply. An apart- 
ment house owner who has one barrel of oil and 
who needs two barrels a day to heat the building 
has an inadequate supply. Therefore, in order to 
discuss the adequacy of mankind’s energy resources 
it is necessary first to determine the demand for 
energy. Much useful information on this subject 
was collected in 1952 by the President’s Materials 
Policy Commission. I will quote freely from the 
report of this Commission as well as from other 
sources. 

At the present time, man obtains most of his 
energy from oil, natural gas, and coal. Let us con- 
sider these sources in the order mentioned. 

Oil 

The use of oil in the United States on a com- 
mercial basis began in 1859 when “Col.” Drake 
brought in his well in Pennsylvania. In the follow- 
ing year, the rather remarkable total of half a mil- 
lion barrels was produced. Most of this oil was used 
in the form of kerosene for lamps. By 1929 we were 
consuming 940 million barrels of oil per year, and 


* Presented at the 1955 Summer Workshop for Science Teachers held 


at Rutgers University 


1955 


November 





at present we are using approximately 2.5 billion 
barrels per year. Before 1940 the U. S. produced 
more oil than it consumed. Today, however, the 
situation is reversed. We are now one of the largest 
importers of oil since our rate of consumption has 
increased much more rapidly than our rate of pro- 
duction. At the rate we are going, the U. S. demand 
for oil will be about 5 billion barrels in 1975 and 
about 10 billion barrels in the year 2000. While the 
demand in the U. S. is rising at this astonishing 
rate, the demand elsewhere throughout the world 
will increase even more rapidly as other nations at- 
tain our level of mechanization. Thus if the total 
world demand is now about 15 billion barrels per 
year, the demand may be 40 billion by 1975 and 
100 billion by the year 2000. The adequacy of the 
supply must be judged in the light of this fantastic 
demand. 

Around 1925 when people began to become con- 
cerned about the increasing use of petroleum it was 
estimated that the proved crude oil reserves were 
about 12 to 15 times the annual production. Hence 
it was gloomily predicted that all of the oil would 
be consumed in about 15 years. Fortunately, how- 
ever, new discoveries and developments have con- 
stantly produced new sources so that as a result the 
proved reserves have continued to be 12 to 13 times 
the annual production during the last 30 years. 
There is no evidence as yet of a slackening in the 
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rate of discovery of new sources of petroleum. Fur- 
thermore, new technological developments make it 
possible to obtain oil from sources previously neg- 
lected, for example the shale deposits in Colorado, 
Wyoming, and Utah. However, it is obvious that 
mankind is consuming oil at a far greater rate than 
nature is producing it. Hence it is only a matter 
of time before the oil will disappear. 


Natural Gas 


Let us turn now to natural gas. In 1920 natural 
gas supplied only 4 per cent of the energy used by 
the U.S. By 1952 this figure had risen to 18 per 
cent and it is still increasing rapidly. One of the 
principal causes for the increase in consumption has 
been the development of gas pipe lines which now 
transport natural gas from the source to consumers 
hundreds of miles away. 

Today, approximate.y 6000 billion cubic feet of 
natural gas are produced annually from gas wells, 
and about 3000 billion cubic feet from oil wells. As 
a rule, the dry gas wells are discovered in connection 
with exploration for oil wells. At present about 6000 
cubic feet of recoverable natural gas is discovered 
for every barrel of oil. Since the energy content of 
6000 cubic feet of gas is approximately equal to that 
of a barrel of oil, it is estimated that, as an energy 
source, natural gas will be equivalent to crude oil. 
It should be noted, however, that the usefulness of 
natural gas is limited by the problem of transport- 
ing it. A natural gas well in the Middle East can 
hardly be expected to supply gas to the U. S., 
although oil from the Middle East can be easily 
transported here. 

Obviously, there is a finite supply of natural gas 
which will someday be consumed. The exact 
magnitude of the world’s supply is not known, but 
it is apparent that we are consuming gas faster 
than nature is producing it and that, therefore, we 
will reach an end to the useful supply. 


Coal 

The role of coal as an energy source in the U. S. 
has been varied. In the 1920’s this country con- 
sumed approximately 600 million tons of coal per 
year. At the present, the rate of consumption is 
only about 500 million tons per year. Thus while 
our total consumption of energy increased about 
60 per cent, the consumption of coal fell some 16 
per cent. The reasons for this decline are numerous, 
but the principal causes are the relative difficulty 
of using coal as compared with other fuels, the in- 
creasing cost of coal, and the uncertainty of the 
supply (the last being the result of labor strife). 
As every homeowner knows, it is easier to heat a 
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house by oil or gas than by coal. There is no dirty 
coal bin and no ashes to take out. A homeowner 
will use coal only if the cost is much lower than that 
of oil or gas. The same thing is true in industry. 

Looking ahead, however, it is evident that the 
use of coal will increase again. Technological devel- 
opments will make it possible to convert coal eco- 
nomically into liquid and gaseous fuels. It is also 
likely that a more enlightened labor leadership will 
provide the essential stability for the coal industry. 
Thus as the supplies of oil and natural gas dwindle, 
it will be possible to depend more and more on 
synthetic fuels prepared from coal. It is estimated 
that the consumption of coal throughout the world 
will increase about 60 per cent by 1975. By that 
time the annual world consumption may be about 
2.7 billion tons. By the year 2000 this may rise 
to 6.8 billion tons per year. The total reserve of 
coal in the world is estimated to be 6250 billion tons. 

Making reasonable guesses as to the rate and ex- 
tent of the discovery of new sources, and as to the 
increase in demand for energy, it is apparent that 
we may expect the world’s oil and gas to last about 
100 to 300 years and the coal to last about 1000 
years. 

It is apparent, of course, that no person living 
today will be inconvenienced by a lack of coal, oil, 
However, it is equally obvious that unless 
we begin now to develop new sources of energy, 
mankind may have to abandon its mechanized civili- 
zation. 

Now, of course, there are some people who would 
applaud a return to the “good old days’ when 
there were no machines and when the pace of life 
seemed to be slow and easy. Actually, however, a 
return to a non-mechanized existence would involve 
a loss of life far greater than that which could be 
caused by the most terrible atomic war. 
today depend for their lives on mechanization and 


or gas. 


People 


hence on the use of energy. 
tury ago 85 per cent of the American people had to 


For example, a cen- 


work on farms to supply the necessary food and 
clothing. Today only 13 per cent of the American 
population, aided by machines, work on farms. With 
machinery to aid in producing food, clothing, medi- 
cine, and shelter, the world can support a much 
greater population than could exist with food labor 
As a result, the world’s population is in- 
creasing at an incredible rate. One seventh of all 
of the people who have ever been born are alive 
today. In the next thousand years the world’s 
population may be enormously expanded, and most 


alone. 


of the people will be completely dependent on ma- 
chines, and hence on energy, for their lives. Thus 
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a loss of all energy sources would result in the death 
of countless millions of people. We would certainly 
be remiss in our obligation to posterity if we did not 
begin now to search for the necessary new sources. 


Energy Needs 


It would seem wise at the start of this search to 
have some idea of the magnitude of our energy 
needs. Let us consider the problem as it affects 
only the United States. In 1950 the United States 
consumed in the form of water power, coal, oil, and 
gas a total of approximately 3.5 x 10°° or 35 quadril- 
lion BTU. (In 1900 the total was 8 quadrillion 
BTU.) This energy was used for heating our 
homes, running our automobiles and farm machin- 
ery, supplying light and power, and carrying on 
the countless activities with which we are all fa- 
miliar. If we continue to increase our use of power 
as rapidly as we have during the last fifteen years, 
we shall use approximately 80 quadrillion BTU in 
1965. It is not unreasonable to expect that we will 
need about 300 quadrillion BTU per year one hun- 
dred years from now. Of course, it is to be assumed 
that in one hundred years we will have machines 
which will use fuel much more efficiently than do 
our present devices. However, even taking into ac- 
count greatly increased efficiency it seems necessary 
to anticipate a need for 300 quadrillion BTU per 
year by the year 2055. 


Power and Energy Sources 


In order to attack the problem of obtaining 
power for the future let us first consider the major 
sources of power and the sources of energy for 
obtaining that power. One of the earliest sources 
of power used by man, and still in use today, is 
the work animal. Animals of all sorts have been 
used to carry goods, pull plows, operate mills, and 
perform countless other duties. Let us see to what 
extent the use of animals could fill our power needs 
in the future. We can get a fair idea of the animal 
power situation if we consider the possible use of 
horses in the United States. It takes approxi- 
mately one acre of good farm land to feed a horse 
for one year. It would seem reasonable to expect 
a horse to do not more than 1500 horsepower hours 
or 3.820,000 BTU of work in a year. Let us make 
the absurd assumption that the entire farm area 
of the United States (approximately one _ billion 
acres) be used for raising horses. We could then 
get from these animals a maximum of one billion 
times 3,820,000 or 3.82 quadrillion BTU of work. 
This is about one and a quarter percent of the 
anticipated need a century from now. Thus, unless 
much more efficient animals can be produced by 
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selective breeding, we can not get along with ani- 
mals alone! 

A second old and important source of power is 
the hydraulic engine, either in the form of the water 
wheel or the more modern hydraulic turbine. At 
present the United States has an installed generating 
capacity of about 17 million kilowatts in hydraulic 
machines which generate approximately 0.3 quad- 
rillion BTU per year. It seems unreasonable to 
expect that this capacity could be increased by a 
factor of more than ten even if we use the power 
of tides, unless there should be a very large and 
unexpected increase in annual rainfall. Thus one 
hundred years from now a maximum hydraulic 
power capacity of 170 million kilowatts might be 
available. If there were enough water to run these 
plants at the present rate, they would generate 8 
quadrillion BTU per year. This would be only 
about one per cent of the probable need. 

The major source of our power today is the heat 
engine in its many forms such as steam engines, gas 
turbines, internal combustion engines, and jets. At 
present these engines are operated almost entirely 
on coal, oil, and petroleum products and gas. Wood 
and other agricultural products such as alcohol are 
used to a limited extent. Let us see what will hap- 
pen to the heat engine when the reserves of coal, 
oil, and natural gas have been consumed. We 
might consider the possibility of burning wood or 
other plants in the steam boilers, and we might 
think of converting agricultural products to alcohol 
or other liquid fuels. In view of the fact that we 
are now depleting our forests very rapidly to obtain 
wood for purposes other than fuel, I think that we 
can rule out the possibility of supplying our power 
needs by burning wood obtained from full-grown 
trees of the forests. It is much more probable that 
we shall be able to use liquid or solid fuels made 
from some rapidly growing agricultural crop or 
young trees. Let us assume that we plant the entire 
billion acres of farm land in the United States with 
a crop which can be used for fuel. Assume also that 
this crop yields about two tons of organic matter 
per acre per year which is about the average figure 
for corn. If every bit of this material were col- 
lected and burned in steam boilers, the heat re- 
leased would be approximately 28 quadrillion BTU 
or 9 per cent of the amount needed one hundred 
years from now. Conversion of this crop fuel into 
alcohol or some other liquid fuel before burning 
might make the utilization easier but would not 
add to the energy available; in fact, some energy 
would be used in the conversion. 

If we keep in mind the rather obvious fact that 
heat engines run on heat we are led at once to 
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consider the possibility of using some of the natural 
sources of heat such as volcanoes which bring up 
heat from below or the sun which showers us with 
heat from above. Although volcanic heat is now 
used to generate power, the scarcity of volcanoes 
makes the general use of this source of energy rather 
unpromising! On the other hand, heat from the 
sun is available in varying degrees everywhere on 
the earth. Taking an average over the entire coun- 
try, the United States receives approximately 
3 x 10'° BTU per acre per year. The whole country 
(some two billion acres) thus receives about 6 x 10°° 
_or 60,000 quadrillion BTU per year. This is 200 
times as much energy as we are seeking for the peo- 
ple of 2055. (Only about 2 quadrillion BTU of 
this energy from the sun would be needed for food.) 
If we could only find some way to use 1/200 of the 
energy which the sun gives us, we would have 
solved our immediate problem. One obvious method 
of utilizing the sun’s energy is by means of huge 
mirrors or reflectors to focus the rays of the sun 
on boilers in which water, gas, or molten metal can 
be heated to operate an engine. Unfortunately, 
even if the conversion of solar energy to useful heat 
were 100 per cent efficient, this method would re- 
quire something like ten million acres of reflectors 
to supply all of our needs. This is an area about 
twice that of the State of New Jersey. It is prob- 
able that such vast reflectors would be used only as 
a last resort although small units will undoubtedly 
be built. As a matter of fact, solar units for heat- 
ing homes may become quite popular in the near 
future. In one such domestic unit which has been 
built into an experimental house in Massachusetts, 
sunlight is admitted through a glass enclosure forty 
feet long and twenty feet wide. The sunshine heats 
a large quantity (20 tons) of Glauber’s salt, a 
hydrated form of sodium sulfate. During the day- 
time the temperature in the enclosure rose above 
91°F. at which point the sodium sulfate gives up 
its water of crystallization. At night, if the tempera- 
ture tends to drop below 91°F. the sodium sulfate 
takes on the water again and gives off heat, thus 
keeping the material at a temperature near 91°F. 
Air circulated around the containers of sodium sul- 
fate keeps the house warm day and night. This 
problem of storing the sun’s heat for use during the 
night offers a serious obstacle to the development of 
solar energy machines of large size. 

Another very old source of power is the wind. 
For many centuries man has used the wind to propel 
his ships and to operate his mills. In recent years 
serious studies have been made on improved types 
of wind machines. One such machine tested in 
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Vermont a few years ago was an improved windmill 
of the propeller type. This mill, which incorpo- 
rated the latest developments of the aircraft field, 
could generate 1000 KW of electric power. These 
experiments showed that wind machines can gen- 
erate electricity almost but not quite as economi- 
cally as the conventional steam plant. However, if 
wind power is to be used extensively, the problem 
of storage of energy will have to be solved. In the 
solar heating system, the heat can be stored in solids 
or liquids or in chemical reactions so that power is 
available when the sun does not shine. Perhaps 
some of the energy from a wind generator could be 
similarly stored as heat or as chemical energy. It 
would appear that the cost of a large-scale reliable 
wind power system would relegate this method of 
power generation to the “last resort’ category, al- 
though continued use of small units is probable. 

Returning to the heat engine, let us consider a 
source of heat which has become available to man- 
kind within the last few years. This is the heat 
from a nuclear reactor or atomic pile. As everyone 
knows from the vast amount of material which has 
been written about the atomic bomb, certain radio- 
active isotopes of some heavy metals such as 
uranium-235, uranium-233, and plutonium-239 can 
be made to produce a chain-reaction type of dis- 
integration. A neutron fired into the nucleus of 
one atom causes the nucleus to split into two or more 
parts with the release of more neutrons. These 
neutrons strike other nuclei and continue the proc- 
ess. Under certain conditions the disintegration of 
the atoms is so rapid that an explosion results. This 
gives us the atomic bomb. If certain absorbing 
materials such as boron or cadmium are interleaved 
with pieces of uranium and graphite, the chain re- 
action can be slowed down so that the disintegration 
of the uranium can be carried out at any desired: 
rate. When the uranium atoms split apart, the 
pieces which remain have a smaller total mass than 
the original atoms. The difference in mass is ac- 
counted for by the liberation of energy, much of 
which occurs in the form of heat. This heat can 
be used to operate heat engines just as we now use 
the heat from a coal fire. The interesting difference 
between the two fuels is in the amounts required to 
produce a given quantity of heat. The disinte- 
gration of one pound of uranium-235 produces as 
much heat as the burning of 2,272,000 pounds of 
coal. If we were to obtain the desired 300 quadril- 
lion BTU per year from the release of heat from 
uranium fission, we would require the expenditure 
of only 5000 tons of uranium-235 per year. 


(Please continue on page 286.) 
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Present Status of Science 


MODERN RESEARCH IN SCIENCE has resulted in many 
remarkable discoveries which have added to the 
comforts of living in our world. In the medical 
field alone the many instruments and drugs used 
today in the combating of disease have relieved 
suffering tremendously and virtually eliminated 
many diseases which were the scourge of humanity 
during the nineteenth century. 

The transportation industry has not only made 
accessible distant points on the globe but has also 
enabled passengers to travel with much the same 
comfort enjoyed by one leisurely reading in his own 
living room. “Breakfast in New York and dinner 
in London” is no longer a goal—it is a fact. 

These two examples of progress made through 
science were not achieved haphazardly or through 
the blessings of “Mother Luck.” They, as well as 
other advances, were brought about through pro- 
cedures worked out premeditatedly and with these 
visualized. Research workers usually have 
a pretty definite notion of what they are looking 
for and secure their notions and the plans for realiz- 
ing them by use of a thinking process 
of reflective thinking. 


goals 


the process 


On the other hand, the use of many products real- 
ized through science has not been grasped clearly 
by many people. In spite of the competence of 
medical workers, there are many who value the 
advice of quack practitioners and follow current 
fads promoted by manufacturers of vitamin tablets, 
laxatives, and “tonics.” And too many people are 
without the benefits derived from medical research. 
Although the automobile has evolved to its present 
state of mechanical through 
who 


concerted 
profit from 


efficiency 


efforts of automotive engineers 
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the data secured from accidents and from proving 
ground tests, we continue to make the automobile 
a dangerous vehicle, as the mounting total of 
human life exacted through its use demonstrates. 

Despite the knowledge and information which 
has been disclosed by biologists and psychologists 
concerning sex and reproduction, there were 7838 
rape crimes committed in the United States in 
1953-54. Thirty-seven percent of them were com- 
mitted by persons under 21 years of age.’ 

In our preoccupation with developing physical 
resources we have not given much thought to our 
use of these inventions and discoveries. The prob- 
lem of changing our beliefs with respect ‘to the 
“stigma” of tuberculosis and venereal disease must 
be considered equal in importance to that of the 
discovery of cures and preventives, if we would 
eliminate the diseases. The problem of arriving at 
sound beliefs with respect to the operation and use 
of modern vehicles and other appliances can and 
should be approached reflectively, just as the prob- 
lem of improving their efficiency was approached 
reflectively. 

These observations are pertinent especially to the 
school, our agency for training the young to fit into, 
and to improve, society. The school, along with 
parents, the church, and other agencies, is respon- 
sible for the medieval outlook of the lay citizen on 
the distribution and consumption of scientific dis- 
coveries. Students—those in training for industry 
as well as for other fields—have been trained to 
believe that the reflective process belongs solely in 
the realm of science. By the “sin of omission,” the 
student, now a citizen, attacks problems of social 
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significance through unpremeditated trial and error, 
without reflection, and through fallacious and un- 
founded beliefs. 

In many instances, the school takes one or the 
other of the following positions: 


One of these positions is based on the doctrine 
of “mental discipline’—the assumption that re- 
sourcefulness of mind, or the ability to bring pre- 
vious experience to bear on new situations, can be 
trained through exercise in such logical disciplines 
as are provided by the ancient languages and mathe- 
matics. Under the influence of this belief the 
sciences have been taught deductively and with 
emphasis on their logical organization with a view 
to training in an ability which, it was assumed, 
would “transfer” or come into play in quite differ- 
ent kinds of problems. The other position denies 
the practical effectiveness of this procedure and 
assumes that students must be given specific train- 
ing for the specific situations in which they are 
likely to find themselves.’ 


One position recognizes the need for students to 
have good thinking techniques, but too much is left 
to chance and the position is based on unfounded 
beliefs. The principal belief is that the absorp- 
tion of factual information by the student will im- 
prove his thinking abilities. It is true that think- 
ing is enriched through facts, but mere possession 
of facts does not guarantee the possessor the ability 
to use and apply them to pertinent situations. Too, 
factual knowledge represents only one aspect of 
the thinking process. The decision to build up 
this aspect, while neglecting completely the other 
of the process, has resulted in a citizenry who do 
not possess the skills necessary for clarifying per- 
plexing problems which require active thinking 
rather than recall of pertinent facts. 

The second position takes the ‘“‘worm’s eye view” 
of problem-solving. Here the assumption is made 
that the thinking process is different for specific 
tasks. This viewpoint hampers the student because 
he never reaches the stage for generalizing his in- 
formation, for seeing its relation to the more perva- 
sive problems of living. The stamp of specializa- 
tion restricts the student’s ability to solve problems 
in situations which do not involve the skills and 
understandings related to his job or profession. 


The Need for Reflective Thinking 


MAN DIFFERS ROM OTHER ANIMALS because of his 
ability and because of numerous factors—both in- 
nate and external—which inhibit it. Thinking rep- 

2 Commission on Secondary School Curriculum, Progressive Education 
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Century, 1938, p. 307. 


Appleton- 


274 


resents the totality of mental processes taking place 
each day as well as the past experiences of the in- 
dividual. And the quality of one’s thinking de- 
termines the degree to which one leads a satisfying 
ability to use reflection in solving problems which 
confront him. However, not all men can utilize the 
life in society. So many persons lead an uneasy 
and uncertain life because of the faulty decisions 
which they reach, the decisions being conditioned 
by past experiences which neither stimulate nor 
serve as proper guidance for thinking. 

The job of the teacher, then, is to approach the 
pupil with one purpose in view: to provide oppor- 
tunities for students to exercise and develop their 
ability to do reflective thinking. There are other 
purposes but each is subordinate to, though in sup- 
port of, the development of thinking abilities. These 
subordinate purposes are actually the “means” for 
attaining the “end,’ whether they be learning to 
express oneself, to read, to acquire desirable traits 
of personality, or to attain skill in computation with 
numbers. 

A third position, not generally taken by schools, 
considers the desirability of developing pupils who 
will have and use reflective thinking habitually on 
any problem with which they are confronted. The 
promoters of this position assume that the objective 
can only be achieved when the classroom experi- 
ences of pupils are sufficiently varied to give them 
some experience with problems of the type that they 
will encounter in life. Zechiel and McCutcheon 
list the following assumptions as basic for this 
approach to education: 


1. The future 
not accurately predictable 


knowledge-needs of adolescents are 

2. There is a continual and increasing need for in- 
telligent thinking in every aspect of life, personal, 
social, and economic. 

3. There is a continual and increasing need for social 
concern and skills in social participation 

4. We suffer and will suffer from too great special- 
ization. 

5. Intelligent thinking, social concern, skills in social 
participation, and rich, many-sided personalities 
do not result from transfer, but have to be sought 
as directly as possible.* 


All persons concerned with the process of reflec- 
tive thinking agree that an important beginning 
phase is ‘‘a sense of perplexity, or of want, or of 
being thwarted, followed by identification of the 
problem.” * This description carries the implica- 
'A. N. Zechiel and S. P 
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tion that reflection is not bound or limited to certain 
academic subjects, such as chemistry, biology, or 
physics, but the whole world of human affairs. 
From comparatively simple household problems to 
highly abstract problems in mathematics, is the pre- 
rogative of reflective thinking. Hence, the five 
assumptions above are appropriate guides for a 
teacher having a genuine desire to develop pupil 
abilities in reflective thinking. 

Principles Supporting Reflection 

IF DESIRABLE CHARACTERISTICS of personality, in- 
cluding the ability to think reflectively, are to be de- 
veloped, we must teach specifically for this purpose. 
Our choice of subject matter and teaching method 
must be decided upon in terms of their potentialities 
for developing thinking abilities. Frequent oppor- 
tunities must be provided for pupils to experience 
phases of the process in varied situations. 


1. The reflective act is encouraged when pupils 
have freedom to formulate or define their own prob- 
lems. 


The reflective act is engaged in habitually by the 
inventor and by the research worker. They are con- 
fronted with perplexing problems of their own mak- 
ing. The interest evoked by such problems goes a 
long way toward providing the necessary incentive 
to pursue the problem to its solution. It would 
seem reasonable to allow pupils the same freedom 
to formulate problems of concern to them. 

Our thinking is not compartmentalized in terms 
of biology, chemistry, or physics. The problems 
which we raise can be treated frequently from the 
standpoint of one of these subject areas, but a 
more comprehensive consideration can be made 
when the resources of any or all the areas can be 
drawn upon. The designation of courses at all 
grade levels by the term “ grade science” or 
some other general title would go far toward re- 
lieving teachers of the traditional responsibility for 
teaching as much of the factual knowledge in a 
subject area as he can “cover” during the year. 

The attitude of the teacher toward his pupils is 
another factor which influences this principle. The 
teacher who alone decides what specific problems 
are to be investigated by pupils stifles the initiative 
of pupils—a quality which is necessary for reflec- 
tive thinking. The value of pupil-teacher collabo- 
ration in formulating problems has been discussed 
profusely in professional literature. Teachers can 
do much toward putting pupils at ease so that they 
feel free to give expression to their desires. 

Types of problems suggested by the Committee 
on the Function of Science in General Education 
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represent a sound basis for developing reflective 
thinking abilities through pupil needs. Pupils gen- 
erally are concerned about problems in: (1) per- 
sonal living, (2) personal-social relationships, (3) 
social-civic relationships, and (4) economic rela- 
tionships.° 

Such problems as the following are the active 


concerns of adolescents in the four areas listed 
above: 


1. The effect of advertising on the consumer. 

2. The relative merits of using patent medicines and 

following the specific advice of a licensed physician. 

Decisions to be made relative to smoking or to 

drinking alcoholic beverages. 

4. Precautions to be taken in preserving eyesight. 

. Questions related to the traits we inherit from our 
parents. 

6. Questions related to qualifications necessary, and 
opportunities, for gainful employment. 

7. Problems related to human reproduction and 
choosing a mate. 

8. The desire to acquire the facts and principles in 
a given subject area—to advance intellectual in- 
sight. 


w 


At 


Failure of the schools to give more concentrated 
attention to Problem 7 above has accounted for 
many of the sexual crimes committed by young 
people previously mentioned in this paper. In many 
cases, these crimes reflect a desire to satisfy curios- 
ity. With appropriate literature, charts, and more 
functional experiments dealing with the growth 
and development of animal embryos, it is possible 
that the curiosity of the adolescent would de di- 
rected in desirable channels. 


2. The reflective act is encouraged when abun- 
dant resources are available for use in the solution 
of problems. 


There must be available, preferably in the class- 
room, an abundant supply of reading materials deal- 
ing with the many interests of pupils. Reference 
books and a wide selection of text books as well as 
current magazines and pamphlets would constitute 
the sources of information. Helping the pupil to 
use these materials independently would be one of 
the tasks of the teacher. 

Laboratory manuals and textbooks which give 
the “answers” in the context would destroy the in- 
centive for inquiry. This would apply also to the 
teacher who is a resource person for the youngster. 
The teacher who gives pupils too much information 
does incalculable damage to the development of 
thinking abilities. 


Commission on Secondary Curriculum, op. cit., p. 64-345 
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3. The reflective act is encouraged when pupils 
have frequent opportunities to investigate all choices 
or hypotheses as a basis for reaching conclusions. 


Many laboratory manuals encourage the rapid 
formulation of cause-effect relationships, as, for 
example, the many chemical tests for identifying 
elements, radicals, or compounds. The test for 
starch consists of adding iodine solution to the sub- 
stance; a purple-black coloration confirms the pres- 
ence of starch. No provisions are made for sug- 
gesting the possibility of other chemicals reacting 
in a similar way with starch or with iodine. 

According to Dewey, “Observations formed by 
' variation of conditions on the basis of some idea 
or theory constitute experiments.’”’® Most of our 
laboratory manuals, then, do not present true ex- 
periments because the element of variation of con- 
ditions is not present. Instead, by relying solely on 
such manuals, we are encouraging what Zechiel and 
McCutcheon choose to call the “cookbook” 
cedure in science. 

If this principle is to be supported, then the 
teacher must abandon the preachment technique in 
attempting to change the beliefs of youngsters on 
such personal problems as smoking and drinking. 
Instead, he must allow pupils to suggest and con- 
sider the possible consequences of his acts in the 
light of medical knowledge, accident statistics, and 
other pertinent information. 

Frequently this principle cannot be applied be- 
cause of certain factors in society which operate 
against inquiry. For example, belief in the super- 
stition that a frightened expectant mother will 
transmit to the unborn child the characteristics of 
the thing which frightened her might prevent a 
pupil from wanting to investigate questions in he- 
redity. The teacher can do much toward helping 
pupils to evaluate authorities in this respect as 
well as on other questions. 


pro- 


4. The reflective act is encouraged when there are 
opportunities for both individual and group ap- 
praisal of progress made on the solution of problems. 


This principle is a part of the newer viewpoint 
on evaluation in education. It is consistent with, 
and promotes, reflective thinking. The habit of 
self-criticism, which this principle stimulates, would 
offset such a habit as self-esteem which is one of 
the many habits that interfere with reflective think- 
ing. 

It is helpful for any problem-solver to take an 
inventory occasionally of his strengths and weak- 


® John Dewey, How We Think, Boston: D. C 
1933, p. 197. 
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nesses in the projected solution of a perplexing 
situation. Repeating a step or incorporating changes 
in procedure, as a result of such an inventory, have 
produced the thrill which comes when the result is 
disclosed suddenly by a change that was apparently 
insignificant. 

The conventional symbol grade or mark assigned 
by the teacher as his evaluation of pupil growth 
would not promote this principle. Rather, a de- 
scriptive statement of the pupil’s work and study 
habits would help the pupil to acquire those tech- 
niques which support and improve thinking ability. 

5. Eventually, pupils should become aware of the 
characteristics of reflective thinking. This applies 
especially to pupils in the upper grades of the high 
school. 

Pupil awareness of the characteristics of reflec- 
tive thinking should be approached gradually. They 
should be allowed to make mistakes, to go up “blind 
alleys,” rather than be told that this procedure 
‘“‘won’t work.” They should have the opportunity 
to work over facts, many of which have no direct 
bearing on the problem under consideration. They 
ought to have the chance to examine their failures 
critically in order to learn through these failures. 
The experience of selecting data—the information 
relevant to the problem—would help in developing 
an awareness of the characteristics of good thinking 
and an appreciation of the potentialities of the 
process. 

These principles and assumptions to which we 
subscribe should enable the science teacher to have 
an active part in training young people to assume 
leadership roles in attacking problems of living in 
their own home circles and in their wider contacts 
with society. Conceivably, pupils would leave the 
high school with an appreciation of the part that 
the school has played in their development, rather. 
than belittle its contributions. 





THREE TIMELY REMINDERS: (1) the 1955 convention 
of the Central Association of Science and Mathematics 
Teachers will be held November 25-26 at the Sheraton 
Cadillac Hotel in Detroit, Michigan. For further infor- 
mation, write to Dr. Milton O. Pella, President of 
CASMT, University of Wisconsin, Madison. 

(2) It’s time to send for entry materials for seniors 
who wish to enter the 1955 Westinghouse Science Talent 
Search. 

(3) It’s time to start planning for student participa- 
tion in the 1956 National Science Fair, to be held next 
May in Oklahoma City. 

Talent Search and National Science Fair information 
available from Miss Margaret E. Patterson, 
Clubs of America, 1719 N St... N. W 
>. €. 
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“DEMONSTRATION: (1) the method or process of 
presenting or establishing facts; (2) the procedure of 
doing something in the presence of others either as 
a means of showing them how to do it themselves or 
in order to illustrate a principle, for example, show- 
ing a group of students how to set the tilting table 
on a circular saw or performing an experiment in 
front of a class to show the expansion of metals under 
heat.” So reads an authoritative sourcebook on the 
meanings of educational terms (1). 

it shall be the burden of these pages to broaden 
teachers’ concepts of what science demonstrations are 
and what pedagogical results can be derived from 
them, and to help the teacher use demonstrations 
more effectively. 


Thre are many recognized functions which class- 
room demonstrations in science can and do serve 


(2): 


(a) To illustrate a principle or a fact. Demonstra- 
tions may be used to help students acquire knowl- 
edge since they reenforce verbal and other more 
abstract means of communication. As such they 
may be used for initial learning or for review. 
When so used, demonstrations may be said to 
help students learn subject-matter, in the more 
limited sense of the word. This is probably the 
most common use of science demonstrations in 
today’s public schools. 


(b) To visualize processes. Frequently the facts or 
principles incorporated in a demonstration are 
actually processes or mechanisms which occur in 
nature or at the will of man. In such a case the 
demonstration is adapted to show the functions 
involved. These may cover a wide range, includ- 
ing biological, chemical, geological, and physical 
phenomena, as exemplified by demonstrations of 
phototropism, spontaneous combustion, erosion, 
and the operation of a gasoline engine. 


(c) To show materials and specimens. Demon- 
strations may be structured to help students ac- 
quire visual or other sensory familiarity with 
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important objects, substances, and samples. As 
such, demonstrations may range all the way from 
passing leaves or rocks around the class to a 
carefully planned, almost museum-like display 
of items, usually accompanied by generous verbal 
enrichment from the instructor. 

(d) To portray methods and techniques. Demon- 
strations can be used to help students under- 
stand or learn the methods and techniques em- 
ployed in the scientific enterprise. These might 
be methods usually used by scientists or tech- 
nicians, such as the typing of blood. On the 
other hand, they may be techniques which the 
students themselves should master, such as bend- 
ing glass tubing or using a microscope properly. 


While this categorization by no means exhausts 
the occurrence of demonstrations in science classes, 
it does cover the vast majority of their uses. It 
would appear, however, that resourceful and am- 
bitious science teachers could greatly enhance the 
effectiveness of the demonstration techniques by 
using such activities in still different ways. For 
example, demonstrations can also be used: 


(e) To stimulate interest. Demonstrations can be 
extremely useful as means of exciting interest on 
the part of students. One teacher of the writer’s 
acquaintance used to inaugurate his physics 
classes with a series of brief demonstrations, each 
illustrating a change of energy from one form to 
another. The class was asked merely to observe 
to see what the teacher’s activities had in com- 
mon. This sequence was performed in utter 
silence, with the teacher deliberately trying to 
create an atmosphere of suspense. This demon- 
stration and the discussion which it inspired not 
only provided an excellent insight into the scope 
of physics, but strongly stimulated student in- 
terest as well (3). Another teacher liked to 
launch his photography class with a sensation 
demonstration. Prior to the first meeting of the 
class, a view camera, flash equipment, and other 
photographic paraphernalia were set up. The 
instructor carefully timed a punctual entry into 
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the room. Immediately and without a word he 
fired his pre-installed flash bulbs and took a 
picture of the astonished class with his pre- 
adjusted camera. Thanks to special low-sensi- 
tivity film and paper, he then proceeded to 
develop and print the picture. In this way he 
not only suggested to the class the scope of the 
course, but also aroused their profound amaze- 
ment and insistent curiosity. These are but two 
examples of the use of science demonstrations as 
a means of developing student interest (4). 

(f{) To create a problem situation. Demonstra- 
tions may be used deliberately to present a chal- 
lenging problem situation to the class (5). A 
particularly well-known science teaching activity 
serves as an example (6): During a consideration 
of the oxygen content of the atmosphere, it is 
common practice to extinguish a candle under 
a milk bottle or similar container. If the candle 
is first mounted in a shallow puddle of water, the 
liquid will rise part way into the bottle after the 
flame is extinguished. (It is commonly thought 
that it will occupy about one-fifth of the volume 
of the bottle, thus indicating the approximate 
oxygen content of the atmosphere.) 


Actually, and for a variety of reasons, this pro- 
cedure yields singularly unreliable results. To the 
teacher who expects this activity to provide hard 
and fast experimental evidence to support his and 
the textbook’s authoritative pronouncements, this 
situation comes as something of a shocking dis- 
appointment. On the other hand, those who are 
familiar with the nature of this activity can develop 
its inconsistent results into a baffling and challeng- 
ing situation to science students. From it, enter- 
prising teachers can work out an excellent sequence 
of investigative activities for the class. Instructors 
who take seriously the development of problem- 
solving ability as an objective of science education 
will find this a particularly valuable use for a demon- 
stration. 


(g) To find information. Demonstrations are by 
no means confined to functions of illustration and 
stimulation. Like good laboratory situations, 
they can serve as means of seeking solutions to 
selected problem situations. This was the case 
when a student once asked if it is really true, 
as she had heard, that water swirls down the 
drain always in one direction in the northern 
hemisphere and in the opposite direction in the 
southern hemisphere. The class as a whole 
showed plentiful interest, a paucity of informa- 
tion, and a variety of opinion on the matter. 
Taking advantage of this problem, the teacher 
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arranged a demonstration to investigate the issue. 
This was done with several laboratory sinks, a 
photographic wash-tray, and a nearby drinking 
fountain. These sample situations produced in- 
consistent results, so the students carried the 
challenge of the demonstration home to a variety 
of plumbing installations. The next day they 
pooled their observational results and arrived at 
a tentative statistical generalization to cover the 
situation. 


This is cited as an example of using a demon- 
stration as a means of seeking information. The 
fact that it was followed by individual student 
investigation at home is commendable, but momen- 
tarily beside the point. The record fails to show 
whether or not the teacher was aware of what the 
outcome of this investigation might be. If he was 
not, he should be commended for his frankness and 
his willingness and ability to organize a suitable 
investigative procedure. If he did know, he can 
scarcely be condemned for having at least implied 
an extremely mild misrepresentation. 


(h) To evaluate student achievement. Demonstra- 
tions can be modified so as to provide excellent 
vehicles for the measurement of science learning. 
A teacher can present a demonstration (with or 
without comment) and ask students to observe 
it, interpret it, or comment on it. He may de- 
liberately misperform certain techniques or ar- 
rive at unsound conclusions, requiring that stu- 
dents be alert to identify his misdemeanors. Such 
evaluation can be adapted to either oral or writ- 
ten response. It should be noted that it lends 
itself not only to the evaluation of science con- 
tent, but to the methods, the attitudes, and the 
skills of the scientific enterprise as well. 


Any science teacher—novice or veteran 
always use new ideas for demonstration activities. 
Yet it is not the function of these pages to provide 
specific suggestions, nor even to compile resources 
where they may be found. Such listings have been 
well provided in a number of places (7). 

In general, writers have been more productive in 
turning out activity collections at the elementary 
school science level than at that of the secondary 
level. However, high school science teachers need 
not be utterly discouraged at this situation. Ac- 
tually, typical elementary school science activity 
collections often contain many pertinent suggestions 
for use in the junior and even the senior high 
school (8). For one thing, some writers frequently 
‘miss the mark” and include in such collections 
activities which exceed the maturity level of grade 
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school youngsters. For another, it frequently hap- 
pens that students reach high school science classes 
without having been exposed to science experiences 
which may be entirely appropriate for pre-adolescent 
children. When this is the case, the secondary 
school science teacher may very properly include 
such elementary activities. Indeed, these adapta- 
tions would be more educationally sound than in- 
troducing such students to science on an out-and- 
out high school level. 

The professional literature of science teaching, 
particularly textbooks for prospective science teach- 
ers, abounds with ‘rules and regulations” for ef- 
fective science demonstrations. Such admonitions 
as: 

“Keep them simple and brief.” 

“Rehearse them carefully in advance.”’ 

“Have materials ready before class.” 

“Be sure the students are thoroughly prepared 
for what they will see.” 
and 

“Store materials as a unit pending the next per- 
formance.” 


seem to be as traditional and established a part of 
science demonstrations as does the demonstration 
table itself. In general, such advice is sound, par- 
ticularly for the “showing” or “illustrating” type 
of demonstration—and particularly in situations 
where it can be followed. 

However, if the role of the demonstration in high 
school science teaching is to be expanded as sug- 
gested on previous pages, at least some of the 
“eternal verities’ as well as certain persistent prob- 
lems about their presentation must be reexamined: 


A. Must demonstrations always be thoroughly 
prepared? 


In general it cannot be denied that a well pre- 
pared demonstration is superior to one with which 
the teacher has had little or no experience. Yet if 
advance preparation is accepted as an inviolate rule, 
spontaneous demonstrations of the type suggested 
above are eliminated from the teacher’s repertoire. 
Every science teacher knows that there are occa- 
sions when demonstration rehearsal is a practical 
impossibility. Should demonstrations be scrapped 
under these all-too-common conditions? Often a 
teacher “gets an inspiration” for a demonstration 
right in the middle of a teaching situation. If the 
time is uniquely ripe for the activity, should it be 
sacrificed because there is no opportunity for 
meticulous preparation? Frequently (and the more 
frequently the better) students come up with an 
idea for a good demonstration—a ‘‘What would 
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happen if... ?” Should these “high adventure” 
experiences of scientific thought be spurned because 
by their very nature they preclude careful rehearsal ? 

NO! There is plenty of room for the spontaneous 
demonstration in good science teaching. This is 
particularly true where the activity is intended 
primarily as a problem-posing or an information- 
seeking teaching technique [as in (f) and (g)]. 

It is quite evident here that the role of the 
classroom demonstration overlaps that which is 
often associated with the science laboratory experi- 
ment. The implication is deliberate, and will be 
discussed later. 


B. Must demonstrations be brief? 


Brevity is the soul of wit, and often of pedagogy 
as well—but not always. Some activities simply do 
not lend themselves to a ‘“‘short exposure.’’ Demon- 
strations of diffusion of gases, rusting of iron, or 
osmosis require hours or days; those involving the 
growth of living things may take weeks, months, or 
even years. Surely, a demonstration should be 
brief—but not so brief as to have no value. And 
the necessarily long ones should not be discarded 
from the science teacher’s professional bag of tricks. 

Again it is apparent that classroom demonstra- 
tions and laboratory experiments have much in 


common—this time recommendations for longevity 
(9). 


C. Must students be prepared for demonstra- 
tions? 


If “preparedness” means “readiness,” then it 
follows that students should be prepared for a dem- 
onstration in that it should not be presented until 
the time is ripe. Again, in the case of demonstra- 
tions designed to teach a principle or illustrate a 
technique, they are usually more effective if stu- 
dents are aware of what they are about to see. But 
what of spontaneous demonstrations, and what of 
those intended to breed interest, pose problems, or 
seek information? Evidently the “rule” of pre- 
paring the class merits a reexamination in this 
broader concept of science demonstrations. 


D. Must demonstrations be presented by the 
teacher? 


When teaching activities involve an element of 
danger, they should be done by the teacher whose 
experience minimizes the liability. It is probably 
best for teachers to do the manipulation when diffi- 
cult techniques are involved, or when highly skilled 
pedagogy is required to make the concepts clear or 
bring out the implications of the activity. But is 

(Please continue on page 289.) 











Developing Science Atmosphere 
in the Elementary Classroom 


By ROBERT H. COOPER 


Ball State Teachers College, Muncie, Indiana 


Topay, as on many days, my students and I have 
returned from visiting elementary classrooms in a 
number of schools. The teachers and the pupils 
vary, but one thing we notice in general—some 
classrooms give us a refreshing feeling of joy and 
happiness while others leave us with a feeling of 
blankness and depression. This is not due to the 
fact that some of the school buildings are new and 
some are quite old. What is the reason? What are 
some of the things we see and what are some of 
the things being done? 

Many rooms have aquaria and terraria which 
add much color and life. 

There are some general rules that should be fol- 
lowed in making successful aquaria. The container 
may be any clean jar, such as a fruit jar, a gallon 
mayonnaise container, or a paste jar. It seems un- 
wise to spend large amounts of money for a con- 
tainer when only simple equipment is needed. Some 
of the simple rules to follow are: 

1. Use a small amount of animal life in the 
aquarium and tend to overdo the underwater plant 
life. A conservative procedure is an inch of animal 
life to a gallon of water. That would be an inch 
of fish from tip to tip. 

2. If it is a tadpole aquarium use algae in the 
water for food. The tadpoles do well on it. 

3. If the water becomes milky in color something 
is probably wrong. One of the best ways to test is 
to smell the water. Its odor should be that of a 
clean pond. 

4. When cleaning aquaria do not use abrasive 
materials such as scouring powders, steel wool, or 
razor blades. Use vinegar and water or soap and 
water, and if necessary a stronger acid than vinegar. 
Then wash the aquarium out thoroughly and rinse 
it many times. 

5. Caulking compound may be used successfully 
to repair leaks in certain types of aquaria. 

6. Avoid overfeeding. Fish and other animals 
are often overfed rather than underfed. 

7. Keep the aquarium covered with a piece of 
glass. 

8. Native fish are very interesting in aquaria but 
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the number must be kept very small. It is fun to 
have an aquarium with just tadpoles and plenty 
of algae. It is also interesting to have other aquaria 
with native fish or with the “store” fish. 

Some of the simple rules for making the ter- 
rarium successful are those found in the rules for 
building aquaria. The container again may be most 
any type. Some of the rules to follow are: 

1. Keep down the animal life if the plants are 
to look fresh and erect. 

2. A layer of charcoal may be used at the bot- 
tom of the terrarium to help keep it from souring. 

3. The materials should fit the container. Small 
plants do well. The mosses and the little plant 
called moneywort, along with some of the small 
ferns, do quite well in terraria. 


Growing Plants in the Classroom 


Most teachers are familiar with the growing of 
sprouts from a sweet potato placed in water. All 
through the winter much joy may also be brought 
to the classroom by forcing narcissus bulbs. Wide- 
mouthed pint jars are large enough for the bulbs 
to be placed in. Stones placed around the bulbs 
will hold them in place. The plant may then be put 
in a dark, cool place and kept watered. After a 
short period of time, when brought out into the 
light, it will continue to grow and blossom. 


Insect Materials 

Some classrooms are cheerful because of insect 
materials kept throughout the school year. A cage 
can be made which will be an asset during most of 
the year. The top of this insect cage is a frame 
about 24 inches high, 18 inches wide, and 18 inches 
long. The top and two sides are covered with 
cheesecloth or some other thin cloth. The front may 
have a piece of glass that slides up and down; the 
back may have either a stationary piece of glass or 
cheese cloth. The top part of the cage just de- 
scribed, is placed on a box about 6 inches high, 18 
inches wide, and 18 inches long. The box has a 
wooden bottom. This makes a good container for 
soil. A jar of water may be placed in the soil and 
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branches placed in it in the fall or in the spring 
when caterpillars are brought in by children. It 
is possible to put a string or a wire across from one 
corner to the other of the top part of the cage on 
which to hang some cocoons or some nests of in- 
sects, such as the hornet’s nest. One should not 
bring in a hornet’s nest while there are live hornets 
in it. 

This type of cage makes an excellent place to 
put grasshoppers in the fall to watch them lay eggs 
in the soil. You can even raise grasshoppers in the 
room. Remove the egg masses that adult grass- 
hoppers have laid and place them in sand in a tin 
can. The masses should be kept moist and placed 
in a refrigerator for from four to six weeks. After 
the eggs are then placed back in the cage, they 
usually hatch in a rather short time. In winter, 
cultivated dandelions available in many markets 
make good food for the young grasshoppers. The 
insects will grow rapidly. They can be watched 
while they molt. They can be observed when the 
first wing pads appear. To vary the diet, corn may 
be planted in small flower pots and grown to a 
height of four or five inches. Then the pot may be 
set in the cage and the grasshoppers allowed to feed 
on the young corn. 

This type of study creates an interest which is 
enduring. By studying such insects as the grass- 
hopper and the cricket, the children may see the 
feeding habits. It is interesting to watch the mouth 
parts while feeding is going on. The egg-laying 
process and hatching of the eggs can be observed; 
the growing of the insect along with the molting 
process is most fascinating. 

Some rooms are made cheerful by butterflies in 
the fall. Such butterflies as the monarch and the 
common swallowtail can be brought right into the 
classroom. They will fly to some of the plants 
which may be growing in the room and can be 
caught by placing the thumb and forefinger over 
the folded wings. With a drop of sugar water on 
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the tip of the finger the insect may be fed by hold- 
ing the food close to the lower part of the head. 
With a little patience the children will see the 
mouth part uncoil. It will be placed in the drop of 
sugar water by the butterfly and slowly the drop 
will be seen decreasing in size. It is possible to 
keep butterflies in the classroom into the latter 
part of November and the early part of December. 
They almost make good pets! 


Bulletin Boards 


Bulletin boards add much to the classroom. It is 
possible to do experiments and then place them on 
the bulletin board in order that all may see them 
from day to day and try them out. The electro- 
magnet is a simple experiment which is good to 
fasten to the bulletin board. It is possible to sus- 
pend: the dry cells by placing a tack in the top 
edge of the bulletin board and hanging them by 
wire or string. It is possible to thumbtack a little 
cardboard shelf to the bulletin board and set the 
dry cell on that with a piece of scotch tape around 
the dry cell and a thumb tack in each end of the 
tape. By fixing the electromagnet over a bit of 
space, it is possible that any child who wishes to, 
may step up and push the switch button and have 
the electromagnet work by touching the nail to a 
little match box with iron filings in it, attached to 
the bulletin board. 

Many other projects and experiments done in the 
classroom may add to the pleasure of the children 
and be of interest to visitors if the projects are 
placed in some manner upon the bulletin board to 
be seen over a longer period of time. Bouquets of 
flowers may be suspended on the bulletin board at 
different times of the year. The bulletin board can 
be used for the seasonal display of both animal 
life and plant life. 

The photograph of Let’s Make a Bird House is 
an illustration of what may be done in the way of 
bulletin board instructions for making a project or 

















as a follow-up of a project. This project is one 
where an oatmeal box is used. (Of course the bulle- 
tin board shows only half of the box since that is 
a way of mounting it for observation.) The oatmeal 
box has the size hole in it that would be used for 
the type of bird that one wishes to house; the one 
in the illustration is the size for the bluebird. The 
coat hanger is cut as shown in the photograph. 
The oatmeal box is painted with water paint with 
a little soap added to make it stick. After drying, 
the box is rolled in warm paraffin. The lid is done 
the same way. The lid is placed on the oatmeal 
box and the box is rolled again in the warm paraffin 
in order to put a coating over the entire box and 
lid. This causes the lid to be fastened on also. 
Now a little stick may be placed in the box in 
order that it may be hung. The stick is probably 
most successful when put entirely through the box 
through holes on either side in order that the stick 
may be more solid. This is an interesting project 
and makes a rather durable, inexpensive birdhouse. 


What Does It? 

What lends science atmosphere to the elementary 
classroom? It is the use of many little items, some 
seem quite insignificant, but as one visits from 
room to room and from building to building he 
comes to realize that many times the little efforts 
that the teacher and the pupils put forth add up 
to make the difference between a lively pleasant 
place to work and one that is drab and tiring. 





Handbook for Teaching of Conservation and Resource-Use. 
This 450-page book recently published by the National As- 
sociation of Biology Teachers was prepared by 200 teachers 
from 30 states and shows how they have incorporated con- 
servation and resource-use teaching into their schools. The 
project was financed by a grant from the American Nature 
Association. The Handbook may be obtained from the 
office of the Project Leader, Richard L. Weaver, P. O. Box 
2073, Ann Arbor, Michigan at a cost of $4.00 with a 20 
percent discount to schools. 

Life and Death of the Soil. This new edition to Science 
Research Associate’s Modern World of Science series pre- 
sents the story of the land and its importance to man. A 
48-page, illustrated booklet written by Robert C. Sherman 
with Paul F. Brandwein as consulting editor. Available 
from Science Research Associates, Inc., 57 West Grand 
Avenue, Chicago 10, Illinois. Price: 60¢. 

Your Life Plans and the Armed Forces. A 160-page booklet 
prepared under the direction of the Defense Committee 
of the North Central Association of Colleges and Secondary 
Schools, with cooperative efforts and approval of a vast 
number of organizations and institutions. It is written 
at the “grass-roots level” to help young people formulate 
life plans and goals; the second section is devoted to Edu- 
cational Opportunities Available in the Armed Forces of 
the United States. Bibliography included. Available from 
the American Council on Education, 1785 Massachusetts 
Avenue, N. W., Washington 6, D. C. at $2.00. Teacher’s 
Guide: 60¢. 
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Becoming the nations top 
EXPLORING SCIENCE 


For Grades 1-6 
By Walter A. Thurber 





The new Exploring Science series for 
Grades 1-6 by Walter A. Thurber con- 
tinues to win high praise from educators 
coast-to-coast. Here is a truly modern 
“science-doing”’ series emphasizing pupils’ 
experiences in terms of what the study of 
science will do for them. 


USES LOW-COST EQUIPMENT 


In Exploring Science you'll find hundreds 
of original, easy-to-do experiments that 
can be performed by your pupils with 
equipment of little or no cost. 


TIME-SAVING TEACHERS’ EDITIONS 


The carefully-tested Teachers’ Editions 
provide you with step-by-step, time-saving 
directions for the use of all material. 


Send today for your free copy of the 
colorful “Exploring Science” brochure. 


ALLYN and BACON, Inc. 


Boston 8 - New York 11 - Chicago7 
Atlanta 3 + Dallas 2 - San Francisco 5 
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A Research Study in the 


Learning of High School Chemistry 


By WILLIAM H. LUCOW 
Churchill High School and University of Manitoba, Winnipeg, Manitoba, Canada 


RIGHT, high school juniors will learn chem- 
istry no matter what method they use. Slower 
pupils will profit more from a laboratory-centered 
approach than from a textbook-centered approach. 
These are the conclusions reached in an experi- 
mental study made on 11th-grade pupils in a Ca- 
nadian high school, where “accelerated” and ‘“‘non- 
accelerated’ classes were each separated into two 
groups, one following the textbook and doing a 
minimum of laboratory work, the other doing much 
laboratory work and free to use any chemistry book 
as a reference. Thus, the experimental samples in- 
cluded: 
1. an accelerated, textbook-centered group, 
2. an accelerated, laboratory-centered group, 
3. a non-accelerated, textbook-centered group, and 
4. a non-accelerated, laboratory-centered group. 


The first two groups, on being tested, showed almost 
identical improvement in average achievement and 
in spread of scores. The second two groups showed 
a difference in these measures, the laboratory group 
making the better showing. 


The Textbook-Centered Method 


In order to be realistic about the contrasting 
methods of teaching chemistry, the experimenter 
decided not to adopt an entirely textbook method 
but rather to center the learning about the text- 
book and still allow the pupils to do some labora- 
tory work. The textbook used was Dull, Brooks, 
and Metcalfe, Modern Chemistry (Clark Irwin, 
1951), and a special outline listed the pages to 
be read and problems to be attempted. 

The laboratory work done by the textbook-cen- 
tered groups included ten classical experiments 
such as mixture vs. compound, physical vs. chem- 
ical change, and determining the percentage of 
water of crystallization in bluestone. The pupils 
worked in groups of six, performed an experiment, 
and immediately recorded the object, apparatus, 
method, observations, and conclusions in a lab- 
oratory note book. 

The instructor demonstrated the preparation of 
oxygen, hydrogen, carbon dioxide, the treatment of 
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water supplies, and destructive distillation. (There 
was more to the course, but this is as far as the 
group went for purposes of the research study.) 
The distinctive feature about the textbook-cen- 
tered method was the following of the special text- 
book outline. Typical sequences were as follows: 


(From Unit I) CHEMISTRY IN A MODERN 


WORLD 


Read pages 4 to 8. 

What are two characteristics of all matter? 

Name, define, and give two examples of each of 
the three forms of matter. 

The weight of a certain amount of sand is 100 
grams. The volume of this sand is 40 milliliters. 
What is the density of this sand in grams per milli- 
liter? 

State the Law of Conservation of Matter. 

What property makes it easy for us to identify 
ammonia? 

Do Problem 1 on page 11. 


(From Unit IV) 
CHEMISTRY 


Read page 102. 

Distinguish between hypotheses, theories, and 
laws. 

Copy the five postulates of the modern atomic 
theory as listed on page 103. 

Read page 113. 

Do Questions 10, 16, 19, 21, 22, 23, 24, 26, 27, 
28, and 29. 

Study the valence table on page 120. Note that 
it is repeated on the page facing the inside front 
cover. Use the table to write the formula of 
sodium carbonate. 


THE ORGANIZATION OF 


(From Unit VI) ACIDS, BASES, AND SALTS 


Read pages 202 to 206. 

What effect has an acid on litmus, phenolph- 
thalein, and methyl orange? 

Define neutralization and write an equation to 
illustrate it. 

What is meant by “salt of an acid?” How 
may the acid be made from the salt? Give four 
reasons why sulfuric acid is used in the process. 

Explain neutralization in terms of ion 
change to form water. 


inter- 











The textbook-centered groups turned in daily 
work sheets as they pursued their special outlines. 
Thus, their course consisted of: 
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working on their textbook outlines, 
performing and recording the ten minimum ex- 
periments, 


. listening to lectures and observing demonstrations, 


and 
writing criterion examinations (described below). 


The Laboratory-Centered Method 


The laboratory method differed from the text- 
book-centered method only in the matter of follow- 


ing 


the special outline. Both groups in each divi- 


sion were in the same room at the same time, heard 


the 


same lectures, observed the same demonstra- 


tions, and performed the same ten minimum experi- 


ments. 


The distinctive feature about the labora- 


tory-centered approach was the following of a 


special laboratory outline. 


General directions and 


typical sequences from the laboratory outline are 
as follows: 
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‘Then, continue heating until 


Directions: Do the experiments and problems 
listed below, and record your results (including 
rough work and calculations) on a Daily Work 
Sheet. Do not do the assignments in the order 
that they appear on this outline, because there is 
not enough apparatus to go around every day 
Never stop working because someone else has the 
apparatus you want; there is always another prob- 
lem to work on. Also, do not waste time waiting 
for an experiment to end; a good chemist often 
has two or three things on the go. Consider your 
textbook as just another reference. The special 
bookcase at the front of the laboratory contains 
several other references for you to use. If an 
answer is very short, it should be entered be- 
side the appropriate number at the right of the 
Daily Work Sheet. Long answers should be set 
down with due respect for the requirements of 
good English composition. 


(From Unit 1) CHEMISTRY IN A MODERN 
WORLD 


Find the definition of the word “cheristry” in 
a dictionary and in three other reference books 
Write each definition with its sour ind point 
out differences, if any, among the nitions. 

Heat some ice in a test tube u ie ice melts. 
sulting water 
boils. What three forms of er did the ice 
assume? 

Measure a rectangular | 
mine its volume. W 
density of the wood 

Carefully lower a 
tion of silver nitrat 


wood and deter- 
wood. Find the 


ube containing a solu- 
to an Erlenmeyer flask 


containing a solution of sodium chloride. Insert 
a stopper securely. Weigh the entire apparatus. 
Now tilt the flask so that the liquids mix and a 
chemical reaction takes place. Weigh the entire 
apparatus again. Record the “before” and “after” 
weights. 

Find the definition of the Law of Conservation 
of Matter in several of the reference books, and 
copy the one you think gives the most complete 
statement. Give the name of the book, the author, 
and the page on which you found the definition. 


(From Unit IV) 
CHEMISTRY 


THE ORGANIZATION OF 


Search through the reference books until you 
find a statement of John Dalton’s original atomic 
theory. How does the wording of the modern 
atomic theory differ from Dalton’s? 

Compare the atomic weights of elements listed 
in an old chemistry book with a list in a recently 
published book. Is the value for oxygen the 
same? Find three elements for which the weights 
are not quite the same. 
the difference? 

Construct the following atoms using plastecine 
(modeling clay) and toothpicks. Make the neu- 
trons very small cubes and the protons spheres. 
The electrons may also be spheres. Arrange the 
nucleus so that both neutrons and protons may be 
readily counted. Use 4 of a toothpick to attach 
the electrons in the K-shell, '% of a toothpick for 
the L-shell, and a full toothpick for the M-shell. 
Bring up every atom for inspection before starting 
the next. 


How do you account for 


(a) hydrogen (b) helium (c) lithium 
(d) beryllium (e) boron (f) carbon 

(g) nitrogen (h) oxygen (i) fluorine 
(j) neon (k) sodium (1) calcium 


Construct the following molecules out of plaste- 
cine and toothpicks: (a) oxygen molecule, (b) 
lithium fluoride, (c) sulfur trioxide. ° 

What name is given to each type of bonding in 
these molecules? 


(From Unit VI) ACIDS, BASES, AND SALTS 


Examine bottles of concentrated acids: sulfuric, 
nitric, and hydrochloric. From the labels find the 
percentage of acid, the specific gravity, and any 
other important facts about each. 

Put a drop of phenolphthalein solution into a 
base solution in a test tube. Add acid until the 
color just changes. The reaction is called neutral- 
ization. Write the equation for the reaction, and 
name all reactants and products 

Carefully add a very small piece of sodium to 
some water in an evaporating dish. Evaporate to 
dryness. What is the flaky white solid left? Write 
the equation for the reaction. 
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The Criterion Examination 

The chemistry test with which the groups were 
measured was developed the year immediately be- 
fore the running of the experimental study. It 
consisted of three equally-weighted parts: 

1. Recall of Basic Concepts 

2. Application of Concepts and Principles 

3. Comprehension and Interpretation 


The first part called for memory of factual ma- 
terial. The second part consisted of problems to 
be solved by application of principles. The third 
part consisted of an experiment written up as the 
pupils did in their regular laboratory notebooks, 
and this was followed by questions that called for 
comprehension and interpretation of the data re- 
ported in the experiment. 

The items were a novel type of multiple-response 
variety referred to as The Whole Truth and Nothing 
But the Truth. Thus, with four choices, one, two, 
three, or all four might be correct; the pupil had 
to choose all the correct ones and omit all the incor- 
rect ones. The sample item read: 


Example: Three times five is more than 


(a) 5 
(b) 10 
(c) 15 
(d) 20 


The correct 
slip is da, b. 
b alone. It would also be wrong to give a, b, c 
or a, b, d. You must find ALL the right answers 
and leave out ALL the wrong answers. 


response to record on your answer 


Wrong answers weuld be a alone or 


Some items from the test were as follows: 


(From Part I) A binary compound 
(a) is made up of only two elements 
(b) always contains only two atoms 
(c) may be an acid 
(d) may be a base 

Correct response was 4, C.) 

(From Part I1) Seven grams of iron unite with 4 g. 
sulphur to form 11 g. ferrous sul- 
fide. According to the law of 
definite proportions 

(a) 4 g. iron should unite with 
7 g. sulfur 
(b) 21 g. iron should produce 
33 g. ferrous sulfide 
(c) 14 g. iron should unite with 
8 g. sulfur 
(d) 12 g. sulfur should produce 
33 g. ferrous sulfide 
(Correct response was ), c, d.) 
(From Part III) (Experiment to determine the 
percentage of water of crys- 
tallization in bluestone. ) 


7) 
4 
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This experiment indicates that 

(a) the percentage of water of crystallization 
in bluestone is about 36% 

(b) the percentage of water of crystallization 
in all hydrated salts is 36% 

(c) bluestone loses its water of crystallization 
on being heated 

(d) all hydrated salts lose their water of 
crystallization on being heated 

(Correct response was 4, ¢.) 


Results of the Research Study 


The figure shows the results of the examination 
which was administered before and after the learn- 
ing of chemistry by the two methods. The figure 
shows the mean (the short, horizontal stroke) plus 
and minus one standard deviation (the vertical 


lines) for each group for the pre-test and the after- 
test. 
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Textbook 
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Textbook 
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Pre- After- 


Test Test 


Pre- After- 
Test Test 


Pre- After- 
Test Test 























Mean One Standard Deviation for All Groups on the Pre-Test 


and After-Test of the Criterion Examination 


Conclusions 


The accelerated pupils did just as well with the 
textbook method as with the laboratory method. 
The non-accelerated pupils did better with the 
laboratory method, especially in spread of scores. 

This increased spread of scores was of particular 
interest to the writer because he feels that great 
variation in classroom achievement is evidence of 
the expression of individual differences among pupils 
during the learning process. The laboratory-cen- 
tered method does this better than the textbook 
method—at least with non-accelerated pupils. 
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For most common materials, 5000 tons is a rela- 
tively small amount. For example, we mine over 
600,000,000 tons of coal a year. If we used U-235 
for fuel we could transport the year’s fuel supply 
for the entire nation in one relatively short freight 
train. Unfortunately, however, uranium-235 is a 
rare metal. It comprises less than 1 per cent of the 
natural uranium (the remainder being U-238), and 
natural uranium is scarce. Furthermore, U-235 is 
the only fissionable material occurring in nature. 
Before 1945, the known supplies of uranium-235 
would not have been considered an important source 
of fuel. Since the development of the atomic bomb, 
however, many new deposits have been located. 
Fortunately, nuclear fission can be produced with 
other isotopes such as uranium-233. This isotope 
can be manufactured from the more abundant metal 
thorium by contact with disintegrating U-235. Sim- 
ilarly, a chain reaction can be established in plu- 
tonium which can be produced from the more 
abundant isotope uranium-238. Very significantly, 
experiments conducted at the National Reactor 
Testing Station in Idaho during 1953 proved that 
the fission of U-235 can be made to produce at least 
as much energy in the form of fissionable plutonium 
as is used up in the fission of U-235. As this “breed- 
ing’ process is improved, we should be able to use 
all of the obtainable uranium and thorium in the 
world for power production. The Atomic Energy 
Commission estimates that the available supplies of 
uranium and thorium contain approximately 23 
times the energy of our remaining coal, oil, and nat- 
ural gas. This should last humanity for a good 
many years, but the supply will eventually end. It 
should be noted that if research makes possible the 
direct conversion of atomic energy into electricity 
without the intermediate stage of a heat engine, the 
improvement in efficiency will greatly extend this 
fuel supply. 

An even more fascinating possibility of abundant 
energy lies in the development of a technique for 
combining hydrogen atoms to form helium. This is 
the process by which the sun gives off its energy. 
When the hydrogen atoms are combined to form 
helium a loss in mass results. This difference in 
mass appears as energy. Our scientists and engi- 
neers have already produced an explosive reaction 
of this sort in what is popularly called the H-bomb 
or hydrogen bomb. It is quite possible that some- 
day we will be able to control the rate of the hydro- 
gen reaction so that it may be used to develop com- 
mercial power. When that day arrives, our quest 
for an energy source will be over for a long time. 
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The water of the oceans contains enough hydrogen 
to supply the world’s needs far into the future. 

Rosy as this prospect may be, we do not yet 
have the controlled hydrogen reaction and we must 
therefore continue our search for other energy 
sources or for other and more efficient means of 
utilizing the presently available sources. In addi- 
tion to the use of animals, hydraulic engines, wind 
engines, and heat engines, there is the further pos- 
sibility of obtaining power from the conversion of 
heat, light and other radiation, or chemical reaction 
directly into electricity. 

Everyone is familiar with the little flashlight 
battery which produces electricity from a chemical 
reaction. Perhaps research will someday give us 
powerful batteries which will convert common ma- 
terials into electricity by some chemical reaction at 
present unknown. The photovoltaic cell also de- 
serves consideration. Every amateur photographer 
has seen or used a light meter. In these devices 
light falling on the photovoltaic cell causes a cur- 
rent to flow through the meter and move the in- 
dicating needle. The Bell Laboratories have re- 
cently developed a “solar battery’ which consists 
of thin silicon strips coated with boron. Sunlight 
shining on this photovoltaic cell produces electricity 
quite efficiently. Much progress can be expected in 
this field. Maybe we can develop huge photo- 
voltaic cells which will convert sunlight directly 
into useful electric power. The tiny thermocouple 
which is now commonly used for measuring tem- 
peratures should be studied more intensively. The 
thermocouple consists simply of two dissimilar 
metallic wires welded together at one end. The 
free end of each wire is connected to an electric 
meter. If the welded joint is heated while the rest 
of the wires and the meter are kept cool, an electric 
current is set up which causes the meter needle to 
move. Large numbers of junctions of this sort can’ 
be assembled to form a thermopile. During the last 
war thermopiles were used by secret agents to gen- 
erate power to operate radio sets. All the agent 
needed to generate power was a source of heat such 
as a small fire, or a gas jet. Perhaps research will 
show the way to build immense thermopiles to oper- 
ate efficiently from the heat of the sun. It is also 
possible that research will someday lead to the 
utilization of living organisms to convert the energy 
from the sun into a form which can be used by an 
inanimate machine. When 
his energy from the sun, his dependence on ex- 
haustible supplies of earthly fuel will end. How- 
ever, the development of a satisfactory solar energy 
converter seems to be far in the future. 


man learns to obtain 
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To summarize, then, we may say that man faces 
the certain prospect of losing his present major 
sources of fuel. It is certain that nuclear fission can 
be controlled so as to provide power from the rare 
uranium-235. It is fairly certain that “breeding” 
of fissionable material may soon make possible the 
use of thorium and uranium-238 as fuels. There 
is a chance that in the more distant future, con- 
trolled energy from nuclear synthesis may enable 
man to use the enormous supplies of hydrogen in 


the sea. Also in the distant future lies the possi- 
bility of efficient use of the energy radiated from 
the sun. 

Since new sources of energy must be harnessed 
if mankind is to survive, research must be prose- 
cuted vigorously on all possible fronts. Fear that 
new sources of energy might be used to kill men 
must be overcome by the knowledge that civiliza- 
tion as we know it will surely die if new sources 
are not obtained. 





TWO SIMPLE WORD GAMES 
AS TEACHING AIDS 


By EVELYN S. KRITCHEVSKY 
Upsala College, East Orange, New Jersey 


A SEARCH FOR A MEANS to provide entertainment 
as well as enlightenment resulted in the preparation 
of the following pencil and paper games involving 
the names of the more common elements. Both 
were well received by a group at an American 
Chemical Society Student Affiliate social affair and 
seem to help establish the names and spellings in 
the minds of freshman students. The games should 
also prove useful at the high school level. 

A. This is a simple anagram game with the an- 
swers given below. 


Scrambled Elements 
Given: The name of the element written in scram- 
bled fashion: e.g. NIT 
Object: Unscrambled the name: e.g. TIN 


1. ANGOR 13. U MALT ANT 
2. U BIM THS 14. ME ROBIN 

3. | CUM MAD 15. O RICH MUM 
4. HIT LUMI 16. LINE FOR U 

5. CURRY ME 17. UM MINE GAS 
6. IRON GENT 18. NE MANAGES 
7. MUD AIL LAP 19. ONLY MUM BED 
8. YON MAINT 20. PLAIN MUT 

9. LON REICH 21. MISS U A POT 
10. PUSH OR SHOP 22. SIC LION 

11. LIVERS 23. MINUS EEL 
12. O IT MUST RN 24. A MAD VUNI 


25. U TEST GNU 


B. The following rebus puzzle can be traced and 
duplicated, this being the method used by the au- 
thor. The complete answers are listed below. 
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Answers 

A. 

1. ARGON 13. TANTALUM 
2. BISMUTH 14. BROMINE 

3. CADMIUM 15. CHROMIUM 
4. LITHIUM 16. FLUORINE 

5. MERCURY 17. MAGNESIUM 
6. NITROGEN 18. MANGANESE 
7. PALLADIUM 19. MOLYBDENUM 
8. ANTIMONY 20. PLATINUM 

9. CHLORINE 21. POTASSIUM 
10. PHOSPHORUS 22. SILICON 
11. SILVER 23. SELENIUM 
12. STRONTIUM 24. VANADIUM 

25. TUNGSTEN 
B 


1. RADIO +- UMBRELLA — BELL — OAR 
RADIUM 


2. CARD — D + BONNET — NET — CARBON 

3. ANT + | + MONEY — E = ANTIMONY 

4. NUT + PICK — PUT + WELL — WL — NICKEL 

5. GEARS + COLD — SCARE — GOLD 

6. BAR + COMB — ABC + SPINE — SP — 
BROMINE 

7. TIRE + ONE — TEE — iRON 

8. OX + FLY + GATE — FLAT + TENT — TET 


OXYGEN 


9. COLT + BALL +- 1 + TENT — LEN — TILT — 
COBALT 


10. WALL + BUM — WLB + INDIAN + PLUM 
DIAL — NP = ALUMINUM 
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STOLLBERG—continued from page 279 


this always the case? Are there not valuable edu- 
cational experiences to be had by students who 
participate in demonstrations? Their interest and 
enthusiasm, their experience in expressing them- 
selves to their fellows, to say nothing of the psy- 
chologically sound principles of purposeful activity 
and learning-by-doing, all indicate that there is 
wisdom in securing the active cooperation of 
students. 

Some teachers like to involve as many students 
as possible in their demonstrations, employing them 
to aid by adding ingredients, throwing switches, 
displaying specimens, or even recording data and 
writing key points on the chalk-board. Frequently 
it is appropriate to permit students individually or 
in small groups to perform demonstrations for the 
benefit of the remainder of the class. Sometimes 
young people can do as good a job or better than 


the teacher! In any event, those students who 
participate in demonstrations almost invariably 
learn more than if they merely observe. Again it is 


evident that classroom demonstrations and labora- 
tory experiments can have much in common. 


E. What should be done about demonstrations 
that ‘fail’ (10)? 


The only teachers who have no failures in their 
demonstrations are those who don’t do any. Some- 
times failure is due to negligence; sometimes it is 
unavoidable. When demonstrations are spontaneous 
or when carried out by students, such misfortunes 
are particularly likely to occur. Among the worst 
things that a teacher can do under these condi- 
tions is to “cover up” the failure, or to try to 
“explain it away” and minimize its significance. 

Actually, a great deal of good science education 
can ensue from such a situation. Questions such 
as “Why didn’t it work?” and challenges such as 
“Who will undertake to study and practice and 
make it work?” may brighten the unhappy mis- 
carriage of a demonstration into a radiant experi- 
ence in problem-solving. Some teachers have so 
well learned to utilize “demonstration failures” to 
promote scientific investigation that they occa- 
sionally plan for “‘success-through-failure! ”’ 


In addition, a few other points for improved 
demonstration techniques may be briefly noted: 


F. Demonstrations may occur anywhere. 


There are no physical boundaries which confine 
the locale of demonstrations. They may be done in 
the classroom, the laboratory, in the school halls 
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or shops, in the gymnasium or on the playing field, 
or “on location” during a class excursion. 


G. Use real situations and every day materials 
where possible. 


Some demonstration activities require relatively 
specialized apparatus. Many, however, can be 
done most effectively with every-day materials such 
as vegetables, kitchen utensils, food-preparations, 
household appliances, and common tools. Teachers 
should avoid operating exclusively either at the 
one extreme of exclusive use of scientific gear or at 
the other of perennial use of “homemade junk.” 
One effective rule formulated by an elementary 
teacher is: “Why use a beaker if a milk bottle will 
do?—but if a milk bottle won’t do, don’t hesitate 
to use the beaker!” 


H. Reports of demonstrations should be func- 
tional (11). 


There is no excuse for students to submit written 
reports on classroom demonstrations merely for the 
sake of having reports. If reports will help students 
learn from the demonstration, or help them remem- 
ber it, or serve to communicate the ideas to other 
students, then they serve a useful purpose and are 
educationally sound. Furthermore, reports may 
take not only the form of oral and written expres- 
sion, but also graphic representations, exhibits, col- 
lections or construction projects, or even dramatic 
portrayal, to mention a few. 


I. Integrate demonstrations with other avenues 
of science teaching. 


There is no reason to consider the demonstration 
as a thing apart from other tools of the science 
teacher’s trade. In the illustrative examples on 
previous pages there have been many cases of the 
demonstration growing out of or leading into such 
other science teaching activities as more formal 
class work, laboratory study, field trips, home work, 
committee responsibilities, group planning and 
project-type enterprises. Science teachers can uti- 
lize the demonstration more effectively if they con- 
sider it not apart from other learning exercises, but 
as part and parcel of them. 

Throughout the preceding pages there have been 
strong overtones indicating that the “classroom 
demonstration” and the “laboratory experiment” 
have more in common than many science teachers 
suspect. Both can be contributory to much the 
same kinds of learning; they involve the same or 
similar kinds of materials; they involve nearly the 
same knowledge and skills on the part of the 
teacher. The closer these two kinds of activity are 
examined, the more nearly alike they seem to be. 














Of 


course there are mechanical and administrative 


differences, such as requirements of time, space, and 


materials. 


But if the thoughts on the foregoing 


pages have validity, it can be said that the demon- 
stration and the experiment—both avenues to learn- 
ing science—differ only in these educational re- 
spects: 


(a 


(b 


) The laboratory experiment typically provides 
more opportunity for individuals to manipulate 
equipment and materials. 

) The laboratory experiment frequently demands 
more from the student in the way of resource- 
fulness and responsibility. 


(c) The demonstration is commonly started—and 


(d 


sometimes carried on—by the teacher, who 
dominates the scene at least for awhile. 

) The demonstration usually finds all the stu- 
dents in the class giving their attention to a 
single sequence of activities and a single train 
of thought. Even so, many a good science 
demonstration might accurately be considered 
as an experiment in which the entire class— 
including the teacher—constitutes a 
large laboratory group! 


single 


As science teachers, then, we might divert some 


of 


our attention from the problem of comparing the 
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demonstration and the laboratory experiment inso- 
far as their relative educational merits are con- 


cerned. 


Rather we might look to improving both 


these teaching techniques and learning how to help 
them strengthen each other—laboratory experiences 
and science demonstrations for improved learning. 
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EMPHASIZING THE UNKNOWN 


AARON GOFF 


Central Commercial & Technical High School, Newark, New Jersey 


THE FAILURE OF LABORATORY WORK in chemistry 
to satisfy the needs of the students or the aims of 
the teachers is the result of the tendency for labora- 
tory manuals to be written in the image of one or 
more textbooks. Not that this is without some 
value and a great deal of convenience. But it cer- 
tainly is not scientific, does not give real experi- 
mental values, and leads to the evils of ““cookbook”’ 
chemistry and a negation of scientific method. 
While cries of desperation have arisen from chem- 
istry teachers on high school and college levels, 
effective solutions are still among the missing. 

There seems to be a blind spot in the outlook of 
many teachers who have a scientific background but 
who cannot teach their subject to achieve “‘scien- 
tific” objectives. Certainly we want our students 
to learn techniques, but these are only part of the 
tactics, not the strategy, of science. What we need 
are miniature research problems in every experi- 
ment. We need demonstrations distinct from real 
experiments in which the results must remain un- 
knowable until performed. The difficulty of show- 
ing the superiority of experimentation over demon- 
stration may be ascribed in part to the fact that 
most excursions into the 
unknown and that they are thoroughly and factu- 
ally described in the textbooks from which students 
can obtain reliable observations and answers. 

Our problems are two-fold then. “How can we 
teach techniques with a minimum of expenditure of 
time ?”’—and—‘“How can we arrange our experi- 
ments to give manipulative as well as functional 
experience in handling the unknown?”’ The answers 
require a reorientation in our approach to labora- 
tory work with a new emphasis on the distinction 
between demonstration by the instructor and indi- 
vidual laboratory work by the student. This repa- 
ration is a physical one only, since a demonstration 
by the instructor should lead to a real experiment 
by the student. 

The traditional “experiment” with oxygen may 
be used to illustrate the idea very simply. To begin 
with, the topic of oxygen may be introduced when 
the instructor performs the demonstration by pre- 
paring several bottles of the gas from potassium 
chlorate and manganese dioxide. He performs 
the typical tests with wood splints, steel wool, mag- 
nesium, etc., [ 


“experiments” are not 


and concludes, after a minimum of 
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explanation, by asking questions based on observa- 
tions. So far there is little that a student has 
seen which he cannot get out of his textbook. 

However, the student’s next step in the process 
is to set up the identical apparatus in the labora- 
tory and to prepare oxygen from potassium chlo- 
rate alone, or from sodium chlorate and manganese 
dioxide—or from five unknown numbered com- 
pounds or mixtures. He is told to heat each ma- 
terial in the hard-glass test tube, and then to test 
the gas which is collected to see if it is oxygen. Of 
course it is possible to introduce in this approach 
the concept of the negative result, as well as the 
single variable. The procedure may be varied so 
as to test other substances than manganese dioxide 
for their catalytic action. In each instance the 
intention is to introduce the principle of the 
unknown. 

The student must perform the experiment to 
obtain the answers. He must observe carefully the 
demonstration as well as his own work to get results. 
Everything depends on the experiment, not upon 
the book. From practical experience, teachers know 
that students are stimulated when they work on 
“unknowns.” Therefore, they should be used in 
more experiments. 

It is possible to work an unknown reaction into 
almost every traditional “experiment” used in 
chemistry. In quantitative exercises, the factor is 
already there in the weight aspects. In descrip- 
tive exercises such as solutions and colloids, the 
unknown may be a quantity, an ingredient, or a 
type of mixture. All that is necessary is ingenuity 
on the part of the laboratory manual writer and 
industriousness on the part of the laboratory as- 
sistant* or teacher. 

In setting up the three-part laboratory approach 

demonstration, experiment, unknown—there is 
no lack of material for multiple methods of prepara- 
tion, many of which are parallels or simple variants. 
Of course, in the latter part of the year demonstra- 
tions may be eliminated if manipulative skill has 
increased to the required level. 

Some advantages which may be anticipated from 

* Editor’s note: Newark, New Jersey, is one of the few school sys- 


tems we know about that still provide laboratory assistants in high 
school science. There should be many more! 
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this modified demonstration-experiment method in 
chemistry are: 


1. The students learn manipulative skill by ob- 
serving the instructor and immediately following 
suit in practice. 

2. The experiments are motivated by inclusion 
of the unknowns. 

3. Students get first-hand experience with vari- 
ables, trial and error, and discriminating observa- 
tion. 

4. Facts must be obtained from observation of 
reactions. 

5. More laboratory work can be included in the 
year’s work. 

6. Many experiments may be arranged so as to 
present a series of observations which may lead to 
a generalization; i.e., induction. 

7. Working with unknowns is more stimulating 
than ordinary laboratory work. 

8. Learning is accomplished in a variety of ways 
including the best, psychologically, by solving prob- 
lems, and by activity. 

9. Critical thinking is required in working with 
unknowns. 

10. A maximum of subject matter may be cov- 
ered in the tripartite attack. 


See Cosmic, Alpha, Beta Rays 





RAYMASTER CLOUD CHAMBER 


Now in use in 500 leading universities and high 
schools. Ideal for nuclear physics experiments at 
home. 

Unconditionally guaranteed to register all tracks 
continuously. Fused silver electrodes. Optical-grade 
cover glass permits overhead viewing and photo- 
graphy. Comes complete with Alpha and Beta 
sources, clearing field battery, manual of experi- 
ments. Only dry ice and alcohol must be procured 
locally. Price $32.50 
Bonus offer! Order within 10 days and receive 
new nuclear physics syllabus free. Explains cloud 
chamber theory. 


OTHER NEW PRODUCTS: 


New Scientific Glassblower's Set with 21-lesson 
glassblowing. course $149.50 


Glassblowing course alone 7.50 


a Mev Electrostatic 
Particle Accelerator 250.00 





All prices F.O.B. Berkeley 
for further information write 


ATOMIC LABORATORIES 


P.O. Box 343 Berkeley, California 








~ BIOLOGY 


e TIME-SAVING 


TEST SHEETS 





e ACCURATE 
e ECONOMICAL 


1 0 DIFFERENT SHEETS 
AVAILABLE NOW 





LESS THAN 
Ic each 


IN QUANTITY PURCHASES 








write for hsting and sample 


5245 Ravenswood Avenue 





DENOYER-GEPPERT COMPANY 


Chicago 40, Illinois 


. . . for the finest in visual teaching appliances—since 1916 
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CORNELL UNIVERSITY 


T 
ITHACA, NEW YORK 


THE SHELL COMPANIES FOUNDATION, 


and 


STANFORD UNIVERSITY 


STANFORD, CALIFORNIA 


INCORPORATED 


announce 1956 summer leadership training programs for secondary school 
science and mathematics teachers, supervisors, and department heads. Shell 


Merit Fellowships will be awarded to the sixty selected participants. 


The purpose of the two University pro- 
grams is the same; namely, to provide recog 
nition for individuals who are demonstrating 
the qualities necessary for distinguished lead- 
ership in the improvement of science and 
mathematics teaching in secondary schools 
The two programs will be arranged to pro- 
vide experiences and studies that will help 
such persons improve their own work as well 
as develop ways and means of assisting other 
teachers in their school, community, and 


region. 


Ihe ultimate objectives are a greatly in- 


creased number of citizens well informed 
ibout the role of science and mathematics 
in human affairs, and greater opportunities 
for promising youth to make adequate prep- 
aration for careers as 


scientists, mathe- 


maticians, engineers, and teachers. 


[he programs will provide seminar type 
courses, lectures, visits to research and pro- 
duction establishments, and informal discus 
sions with outstanding scientists, mathemati 
cians, and educators. Those selected will be 
expected to pursue special projects relating 
to classroom instruction and pointing toward 


leadership efforts in their own community. 


Teachers with at least five years of high 
school experience, known leadership ability, 
and the prospect of many years of useful 
service in the improvement of chemistry, 
mathematics, or physics teaching are eligible. 
Heads of departments and supervisors with 
good preparation in chemistry, mathematics, 
or physics who formerly were teachers are 
also eligible. Further studies in one or pref- 
erably more of the indicated subjects will be 
expected. Evidences of leadership potential 
will be significant factors in the selection. 


The 30 persons who are selected by each 
institution for Shell Merit Fellowships will 
receive free tuition and books, board and 
lodging, and a travel allowance. Each will 
also receive $500 to help make up for the 
loss of potential summer earnings. 


Inquiries from teachers east of the Missis- 
sippi should be directed to Dr. Philip G. 
Johnson, Stone Hall, Cornell University, 
Ithaca, New York. Interested teachers who 
reside west of the Mississippi should write 
to Dr. Paul DeH. Hurd, School of Educa- 
tion, Stanford University, Stanford, Cali- 
fornia. 




















Try these new editions of thoroughly tested books 





CHEMISTRY IN ACTION, Third Edition 
Rawlins and Struble 


Chemistry in Action has been widely successful be- 
cause of its thorough coverage of chemistry, clarity 
and simplicity of writing, logical organization, and 
appeal to students. The Third Edition is a com- 
pletely modernized revision, to include the latest 
advances in modern chemistry. You will like the 
new end-of-the-chapter problems, revised questions, 
up-to-date references, colored drawings. recent film 
list. Laboratory Manual, Tests, Teacher’s Hand- 


book, Keys. 


SEMIMICRO LABORATORY EXERCISES IN HIGH 
SCHOOL CHEMISTRY, Second Edition 
Weisbruch 


The Second Edition meets the growing demand for 
the time and expense-saving semimicro laboratory 
method. The experiments are arranged to fit any 
standard high school text. There is a complete list 
of apparatus necessary for them. Special features 
include: frequent questions in each exercise to guide 
the student in his analysis; new problems—for ex- 
ample, on quantitative determination; questions at 
the end of each experiment; review questions at the 
end of each unit. Teacher’s Handbook and Key. 


These new editions ready in January 1956. 


D. C. HEATH and Company 


New York 14, Chicago 16, San Francisco 5, Atlanta 3, Dallas 1. Home Office: Boston 16 
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Demonstration of Cigarette Tars 


By THOMAS P. BENNETT, Winter Haven, Florida, 
High School 


When the cigarette-cancer scare was the fad, I 
decided to demonstrate some of the materials that 
are contained in the smoke from cigarettes. 

The apparatus was set up as shown in the draw- 


ings. 






4 aealet 

A U-tube served as a collecting tube for the tars 
and liquids. The cigarette holders were made from 
small vials which had the bottoms cut off. The 
U-tube was held in a beaker that was filled with 
an ice-salt mixture. A rubber tube leading from the 
U-tube was connected to an aspirator. A pinch- 
clamp was placed on the tubing to regulate the 
“drags” (puffs). 

The tars and other materials condensed and were 
collected in the U-tube. This gave a vivid demon- 
stration of what can be found in a pack of cigarettes 
and consequently in your lungs. The students 
were, of course, cautioned against ‘overgeneral- 
izing’ in comparing this experimental set-up to a 
pair of human lungs. 


Chemistry 


Inexpensive Models for 
Demonstrating Molecular Structure 


By PAUL WESTMEYER, Instructor in Education 
University High School, University of Illinois, Urbana 

When my high school chemistry class began 
the study of organic chemistry and saw some of 
the complicated formulas, some of the students 
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really became interested in trying to understand 
molecular structure. One student came to me 
after class and asked if we had “one of those 
sets used to make molecular models.” I said that 
we didn’t, but that I was sure we could find a 
substitute. Just the day before I had obtained 
a large number of corks in assorted sizes from the 
storeroom and these came to mind. I said perhaps 
we could use corks of various sizes to represent 
the atoms and toothpicks to hold them together 
and to represent the bonds. 

We sorted out corks of three sizes. The student 
dyed the medium-sized ones black to represent 
carbon and some larger ones red to represent oxygen. 
We left the smallest ones plain to represent hydro- 
gen atoms. Using toothpicks pointed on both ends, 
the corks can be strung together easily and quickly 
to represent almost any type of molecule. Double 
bonds are easy to show and ring compounds present 
no difficulty. Best of all, these models cost but 
littke—corks and toothpicks are reasonably cheap! 


General Science 





A Problem-Solving Demonstration 


By ARTHUR W. SMITH, JR., Plainfield, New Jersey, 
High School 


I should like to share an idea which I have found 
works very successfully as an “opener” for my 
ninth-grade general science classes. It is an exercise 
to get across the concept of the use of the scientific 
method in solving problems. 

There were three major objectives about which 
I was concerned: 


1. To try to create as much student interest at 
the start of the general science course as pos- 
sible. 

2. To demonstrate first hand how the scientific 
method operates. 

3. To “feel out” the students (to see who knows 
what, to see how as individuals and as a 
group they operate to solve problems. 


As soon as administrative details were finished 
on the first day of school, I pulled up from behind 
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the demonstration table the following set-up and 
called upon everyone to watch carefully what hap- 
pens. 


rulober 


tube — 


tripod 
stand 





In the above apparatus, care was taken to have 
the rubber hose at points “x’’ and ‘“‘y” completely 
covering the glass tubes. (Details as to what is 
inside the cans is presented in a later paragraph 
of this account.) 

I filled a large beaker with water from the faucet 
and began to pour it into the thistle tube. 

When the beaker was about half empty, a red 
colored liquid flowed up through the bent glass tube 
(c) and poured into the thistle tube. I then stopped 
pouring water from the beaker. The flow of red 
liquid from can A to can B continued uninterrupted 
for about fifteen minutes. 

Students were allowed to come up and care- 
fully look at the apparatus while the red liquid 
was flowing from can B, but no one was allowed 
to touch. After everyone had a good look at what 
happened an assignment was made for the stu- 
dents to write out their observations and as a result 
of these observations to try to figure out the “why” 
of this demonstration. 

The next day the students were called upon to 
give their observations as to what happened. At 
this point the discussion was directed along the 
lines of accuracy of observation and accuracy in re- 
porting correct sequence of observations. After the 
class agreed upon the observations they were called 
upon to present their “ideas” in explanation of 
what happened. (The term “hypothesis” was taken 
up later.) Each student was encouraged to con- 
tribute, even the students who were “sure their 
solution just couldn’t be right.” The ideas were 
discussed and challenged by different members of 
the class. As a result many were rejected and the 
class seemed to agree upon those which could be 
possible. The two ideas which received the greatest 
support were as follows: 


1. Some sort of chemical action took place in 
cans A or B to change the color of the water 
and to force it out of can A. 
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2. Can A contained a red liquid to start. When 
water was poured into can B, air was forced 
out of B which in turn forced the colored 
liquid out of can A. 


Both of these ideas seemed feasible to different 
members of the class. The question was then asked 
how they could find out for sure. Someone sug- 
gested that the demonstration be repeated. It was. 
They watched carefully, but soon realized that they 
could go no farther until the contents of the cans 
were examined. I then allowed some students to 
come up and remove the stoppers and examine the 
contents of the cans. 

Can A was found to be filled nearly to the top 
with a red liquid (Tintex dye in water). The bent 
glass tube (c) extended to the bottom of the can. 
Can B was found to be “empty.” (After discussion 
it was brought out that it was full of air—but no 
liquid. ) 

With this new information the discussion pro- 
ceeded more rapidly. Idea #1 about the chemical 
reaction was discarded. Idea #2 about the water 
which was poured into can A forcing air out of the 
can through the hose and into can B to force the 
red liquid out was developed. The question now 
was: “While this idea seems good, how can we be 
sure?”’ “How can we test this idea to see if this 
is what really happens?” 

Ideas for experiments were not long in coming. 
Each idea was subjected to experimentation. The 
following two simple tests proved very convincing: 


~ 


1. To prove that air will force the liquid from 
can A was shown when a student disconnected 
the hose at point “y” and blew through it 
into can A. 


2. To prove that when water is poured into can B 
air is forced out was shown when a student 
filled a pan with water to see if bubbles were 
formed when water displaced the air in the can. 


After the solution of this problem was worked 
out, attention was directed toward the steps fol- 
lowed in arriving at the solution of the problem. 
It was pointed out that, whether the students knew 
it or not, they were following the steps of the scien- 
tific method in solving their problem. What were 
these steps? 


1. Observations 


2. Developing hypotheses as a result of these ob- 
servations 

3. Discussion and evaluation of these different 

hypotheses (sharing ideas) 
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4. Obtaining more accurate observations (dem- 
onstrated by closer examination of the ap- 
paratus ) 


wn 


. Formulation of new hypothesis as a result of 
new information gained 


6. Experimentation to test hypothesis 


Thus, with this exercise in which the students 
actually work out a problem by using the scientific 
method, it was possible to effectively present con- 
cepts of hypothesis, theory, principle, law, etc. And 
what was probably even more important, the class 
got off to a good start in which there was very high 
pupil interest. 


Physics 


Hero’s Heat Engine 


By THOMAS P. BENNETT, Winter Haven, Florida, 
High School 


Hero’s heat engine, one of the early applications 
of converting heat energy to mechanical energy, can 
be effectively demonstrated with the following set- 


up. 
(LU) 
| 





| 
| 
| 
| 
| 








Fe 


“A” is a metal can with a one-hole stopper which 
has a piece of glass tubing, “B,” running from it 
to a bottle, “C.” The bottle is filled three-fourths 
full of water. “D” is a piece of rubber tubing, 
which serves as a siphon, running to a small flask, 
“E.” The flask is connected, as shown, with the 
resistance, “F,’’ using a series of pulleys. The 
mechanical advantage can be regulated to any de- 
sired amount. (The illustration shows but a change 
in direction.) 

When the air in “A” is heated it expands and 
flows through “B” into “C.” This produces an 
increase in pressure on the water in “C” causing 
water to flow through “D” into flask “E.” The 
added weight of the water causes the flask to move 
down, which in turn causes the resistance to move 
up. When “A” cools, water by the reverse process 
flows from “E” back into “C.” 
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SCIENTIFIC TEACHING AIDS 
AVAILABLE FREE TO TEACHERS 


Booklets and teaching aids designed by ex- 
perienced teachers for teachers to assist them 
in showing their students how theoretical 


science principles are applied on a practical 
business basis. . . . 


Evaluated in advance of publication by mem- 
bers of the National Science Teachers Asso- 
ciation. 


# 1. EXPERIMENTS WITH GAS... Booklet of 29 class- 
room experiments using fuel gas. Includes complete 
directions, ideas for student participation, etc. De- 


signed for General Science Classes, Junior High 
School. 


# 2. ADVANCED EXPERIMENTS WITH GAS...20 ad- 
vanced classroom experiments to be performed with 
fuel gas. For Senior High School and Junior College 
teaching level. 


# 3. SCIENCE IN ACTION... Series of three teaching 
kits describing the science principles that make each 
gas appliance possible, together with simple experi- 
ments to illustrate the various principles employed, 
with wall chart and student work sheets. (A) GAS 
RANGE, (B) GAS CLOTHES DRYER, (C) GAS 
WATER HEATER. (Kits on Gas Heating, Gas Re- 
frigerators, Gas Incinerators will be available soon 
and will be mailed when ready to those who desire 
them.) 7th, 8th and 9th grade teaching level. 


# 4. HOW YOUR GAS METER WORKS... Teaching kit 
—in simple language with illustrations and diagrams, 
wall chart and student work sheets. Designed for use 
at Junior High School level in General and Social 
Science Classes. 


# 5. NATURAL GAS—Science Behind Your Burner— 
Teaching kit explaining how natural gas gets from 
well to burner. Includes teacher’s text, 42-frame slide 
film, (35mm), flow chart and gas pipeline map of the 
U. S. and Canada, for Junior and Senior High School 
level. 


# 6. HISTORY OF GAS...A 16-page comic book, for 
the 4th & Sth grade teaching level. 


# 7. STORY OF GAS...36 pages of general informa- 
tidn on gas, its history, production, utilization, etc. 
6th grade level and upward. 

















‘ 

EDUCATIONAL SERVICE BUREAU, DEPT. ST | 
AMERICAN GAS ASSOCIATION | 
420 LEXINGTON AVE., N.Y.C. 17, N. Y. 
I have circled the key number and letter of the teach- | 
ing aid I desire. | 
Lc & mm -@ 4 £8 Ss 
NAME | 
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ADGGnee 2. | 
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A GIANT FOR ITS SIZE ! 


At Bell Laboratories one line of research is often fruitful 
in many fields. Latest example is the silicon power rectifier 
shown above. 


Product of original work with semi-conductors — which 
earlier created the transistor and the Bell Solar Battery — the 
new rectifier greatly reduces the size of equipment needed to 
produce large direct currents. It is much smaller than a tube 
rectifier of equal performance and it docs not require the 
bulky cooling equipment of other metallic rectifiers. 


In the Bell System the new rectifier will supply direct cur- 
rent more economically for telephone calls. It can also be 
adapted to important uses in television, computers, industrial 
machines, and military equipment. Thus, Bell Tclephone 
Laboratories research continues to improve telephony—while 
it helps other fields vital to the nation. 





BELL TELEPHONE LABORATORIES ( 





IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES 
CAREERS FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS 








Above, new rectifier (held in pliers) is con- 
trasted with comparable tube rectifier and its 
filament transformer, rear. Mounted on a coo!l- 
ing plate, lower center, the new rectifier can 
easily supply 10 amperes of direct current at 
100 volts, that is, 1000 watts—enough to power 
350 telephones. 
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» Atlanta Meeting 


The 1955 combined meeting of the AAAS Science 
Teaching Societies will be held at the Dinkler Plaza 
Hotel, Atlanta, Georgia, December 27-30. Included are 
ANSS, NABT, NARST, and NSTA. It is hoped that 
printed programs can be mailed to members of the so- 
cieties in at least the southeastern states prior to the 
meeting. The program of joint sessions and individual 
sessions of NSTA follows. 


Tuesday, December 27 


8:00 a.m. Presentation of Science Teaching Films 


9:00 a.m. Joint Session (arranged by ANSS): 
Southern Agriculture from 1913 to 1956 
2:00 p.m. NSTA Concurrent Session A: 


1. This Is Your NSTA 
2. Attracting Secondary Students into 
Science—demonstration lectures in 
five areas of the physical sciences 
3:00 p.m. NSTA Concurrent Session B: 
1. This Is Your NSTA 
2. How Can We Develop Continuity in 
the Elementary Science Program in 
Order to Eliminate Repetition and 
Gaps?—panel leader and four discus- 
Sants 


8:00 


p.m. Joint Session (arranged by NSTA): New 
Frontiers in Research 


9:00 p.m. Entertainment: A Christmas Interlude 
(arranged by Atlanta Science Teachers 


Club) 
Wednesday, December 28 
8:00 a.m. Presentation of Science Teaching Films 


9:00 a.m. Joint Session (arranged by NABT): Sci- 
ence and Human Resources 


2:00 p.m. Joint Symposium (arranged by NARST): 
Recent Research in Science Education 

8:00 p.m. AAAS Presidential Address 

9:00 p.m. AAAS Pres‘dent’s Reception 


Thursday, December 29 


a.m. Special Session with AAAS: The Crisis in 
Science Education 


9:00 
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2:00 p.m. NSTA Concurrent Session A: “Here’s 
How I Do It”—Arriving at a Grade in 
Multiple Ways—five panelists plus sum- 
marizer 


3:00 p.m. NSTA Concurrent Session B-1: “Elemen- 
tary Science, Kindergarten through 
Third Grade”—E fective Use of Science 
Demonstrations for Improved Learning 
—four presentations 


3:00 p.m. NSTA Concurrent Session B-2: “Elemen- 
tary Science, Fourth through Seventh 
Grades”—Effective Use of Science 
Demonstrations for Improved Learn- 
ing—four presentations 


Friday, December 30 


9:00 a.m. Field Trip to Granite Outcrops (sponsored 
by ANSS and NABT; co-sponsored by 
NSTA) 


9:00 a.m. Field Trips to Atlanta Industries and 
Laboratories (sponsored by NSTA; co- 
sponsored by ANSS and NABT) 


>» New Life Members 


Please see page 316 for new additions since the last 
listing in the April, 1955 issue. 


» Fourth National Convention 


The Fourth National Convention for all teachers of 
science, being planned by NSTA, will be held March 
14-17, 1956, at the Shoreham Hotel in Washington, 
D.C. With sessions for teachers in elementary schools, 
junior and senior high schools, and colleges, it is ex- 


pected that 1500 will attend the convention. Conven- 
tion theme is Problem-Solving: How We Learn. Ses- 
sions and program elements are as follows. Anyone 


interested to be a program participant is invited and 
urged to write to the chairman of the planning commit- 
tee, Mr. Henry A. Shannon, State Department of Public 
Instruction, Raleigh, North Carolina. 


Wednesday, March 14 


10:00 a.m. NSTA Business-Industry Section: Annual 
Business Meeting 


1:00 p.m. Registration opens 
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2:00 p.m. Meetings of NSTA committees 

2:00 p.m. Showings of science teaching films 

2:00 p.m. Tours of Washington (available) 

4:00 p.m. Informal, get-acquainted hour 

5:00 p.m. Dinner meetings—science supervisors, 
Junior Academy sponsors, others 


8:00 p.m. First General Session; address: The Learn- 
ing Problem 


Thursday, March 15 
“Learning How to Find Out” 
8:00 a.m. Exposition of Science Teaching Aids 


9:00 a.m. Concurrent General Sessions 


A. Elementary; address: Helping Chil- 
dren Learn How to Find Out 


B. High School and College; panel dis- 
cussion: Helping Young People Learn 
How to Find Out 
10:45 a.m. Work-Discussion Groups 
A. Elementary (four groups) 
B. Junior High (six groups) 
C. Biological Sciences (six groups) 
D. Physical Sciences (six groups) 
E. College (four groups) 
12:15 p.m. Luncheon meetings—NSTA life members, 
state groups, others 
1:30 p.m. Exposition of Science Teaching Aids 
2:30 p.m. Concurrent Groups 


A. Elementary; work-discussion 


(four) 


groups 


B. High School and College Symposia 

1. Using Case Studies and the Histori- 
cal Approach 

2. Developing Problem Situations for 
Learning 

3. Problems for Rapid Learners 

4. Science Facilities for Problem-Solv- 
ing 

5. Educating Teachers for 
Solving 


Problem- 


4:00 p.m. Exposition of Science Teaching Aids 


8:00 p.m. General Session; brief reports: This /s 


Your NSTA-NEA-AAAS 
9:30 p.m. Reception 
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Friday, March 16 
“Finding Out What Nobody Knows” 


8:30 a.m. Travel to D. C. area schools and labora- 
tories 


A. Elementary—school visitation and ob- 
servation 

B. Elementary, high school, and college 
—visitation and interview-tours of lab- 
oratories 
1. National Bureau of Standards 


2. National Institutes of Health 

3. Naval Ordnance Laboratory 

4. Naval Research Laboratory 

5. Agricultural Research Center, Belts- 


ville, Maryland 


11:30 a.m. Lunch at schools or laboratories 


1:00 p.m. Travel to hotel 
1:30 p.m. Exposition of Science Teaching Aids 
2:00 p.m. Concurrent Sessions 
A. Nature of Research in the Biological 
Sciences 
B. Nature of Research in the Physical Sci- 
ences 
4:00 p.m. Exposition of Science Teaching Aids 
7:00 p.m. Annual Banquet; 


Human Affairs 


address: Science in 


Saturday, March 17 
“Finding Out What We Have Learned” 
8:00 a.m. Exposition of Science Teaching Aids 
9:30 a.m. General Session; address: Evaluation in 
Relation to Problem-Solving 


10:45 a.m. Concurrent Groups 


A. Elementary; address Improvising 
Simple Learning Materials 


B. High School and College; panel groups 
1. Junior High 3. Chemistry 
2. Biology 4. Physics 
1:30 p.m. Concurrent Groups 
A. Elementary—Here’s How I Do It 
B. High Schoul and College—Here’s Why 


I Do It 
1. Junior High 3. Chemistry 
2. Biology 4 Physi Ss 


6:00 p.m. First Meeting of General Planning Com- 
mittee for the Fifth National Conven- 
tion, to be held in Cleveland, Ohio 
March 20-23, 1957 
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Tue NationaL ScreNcE TEACHERS ASSOCIATION has 
demonstrated effective and intelligent leadership in 
improving science teaching in the United States. But 
the NSTA is not alone in having this interest. The 
American Association for the Advancement of Science 
and many of the other scientific organizations of the 
country consider the improvement of science and 
mathematics teaching to be one of the country’s most 
important educational and social problems. The 
problem is of concern to teachers, industry, scientists, 
and indeed everyone interested in the welfare of the 
nation. Working together we can undoubtedly ac- 
complish more than any of us can do alone. The 
AAAS therefore welcomes the opportunity to coop- 
erate with the NSTA, and is looking forward to par- 
ticipation in the Fourth National Convention of the 
Association 
Daet WoLr_e, Administrative Secretary 
American Association for the 
Advancement of Science 


THE FORTHCOMING CONVENTION of the National Sci- 
ence Teachers Association is a highly significant oc- 
casion to those concerned with the conduct and 
support of medical research. The future of science in 
America depends in large measure upon the quality 
and quantity of science teaching. And just as sci- 
ence needs the teacher, so may the teacher benefit by 
frequent contact with the scientist, for in the last 
analysis he is less concerned with teaching facts than 
with imparting a spirit. The Association will con- 
vene in Washington, D. C., which has become an im- 
portant research center and offers rich opportunities 
for a vital teacher-scientist reunion. We at the 
National Institutes of Health research bureau of the 
Public Health Service, cordially invite the members to 
our laboratories and clinical facility on March 16 
We anticipate a mutually rewarding visit by those 
whose mission is to lead talented youth into the life 
of “finding out what nobody knows.” 
James A. SHANNON, Director 
National Institutes of Health 


ALL OF US AT THE HEADQUARTERS of the National Edu- 
cation Association have watched with pride the 
growth of the National Science Teachers Association, 
one of our NEA departments. The NSTA has firmly 
established itself as one of our profession’s major or- 
ganizations. This position is amply justified by the 
wide range of NSTA activities and services, one evi- 
dence of which is your National Convention here in 
Washington 

To be sure, education in science is but one segment 
of the total educational endeavor; but with science 
becoming an ever-increasing factor in our lives, the 
role of the science teacher likewise becomes increas- 


ingly significant. And in view of the need to develop 
fully the abilities of the nation’s more able youth, 
the NSTA is to be congratulated on the program of 
its Future Scientists of America Foundation. 

On behalf of the NEA, it is a pleasure to welcome 
NSTA members and friends to Washington. We 
look forward to sharing in some of your convention 
activities. And before you go home, do find time to 
visit your new NEA Educational Center. You'll be 
mighty proud of it! 

WitiiaM G. Carr, Executive Secretary 
National Education Association 





NATIONAL BUREAU OF STANDARDS 


Turbine blade failure and ‘‘flame-out” in modern jet 
engines emphasize the lack of basic information on tem- 
perature measurements. One of the objectives of the NBS 
high-temperature laboratory is to obtain basic data re- 
quired for more efficient and safe use of all high-tempera- 
ture engines, from jets and gas turbines to rockets. 


A CORDIAL INVITATION IS EXTENDED to members of the 
National Science Teachers Association to visit the 
National Bureau of Standards during their Fourth 
National Convention. The theme of the convention, 
“Problem-Solving: How We Learn,” is particularly 
pertinent to our program. You as science teachers 
are already well aware that work in scientific stand- 
ards and measurement represents a cornerstone of sci- 
entific and industrial progress. The Bureau’s work 
in this area ranges from improving the precision of 
basic standards of the classical type to developing the 
new standards and measurement techniques required 
in such areas as radar and atomic energy. The suc- 
cess of NBS scientists in solving these new and com- 
plex problems lies in the cooperative effort of physi- 
cists, chemists, mathematicians, and engineers working 
together at the frontiers of knowledge. 

A. V. Astin, Director 

National Bureau of Standards 
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Teachers’ manuals 
in preparation 


Announcing... 
A Child Progress Plan for Elementary Science 





















Junior Scientist Series 
BAKER + MADDUX + WARRIN 


Designed for Grades one through six: 


Down Your Street 
Around the Corner 

in Your Neighborhood 
Here and Away 


Far and Wide 


oarwn = 


Your Science World 





DISTINCTIVE ORGANIZATION [Throughout the JUNIOR 
SCIENTIST SERIES basic and related science principles chal- 
lenge the child’s maturing interest. 


ATTRACTIVE - FUNCTIONAL ILLUSTRATIONS [Illustrations and 


photos are functional throughout, not merely decorative. 


CONTROLLED VOCABULARY Science can be taught, in part, 
through reading—and reading can be taught, in part, 
through science. Vocabulary throughout the JUNIOR 
ScIENTIST SERIES has been professionally controlled. 







ABOUT THE AUTHORS... 


ARTHUR O. BAKER 
Directing Supervisor of Science, Cleveland Public Schools, Cleveland, Ohio 


Grace C. Mappux 
Assistant Supervisor of Science, Cleveland Public Schools, Cleveland, Ohio 


HeLen B. WARRIN 
Elementary School Principal, Newark, New Jersey 


SAMPLE —_ 
COPIES Education Division 
AVAILABLE RAND MCNALLY & COMPANY 


P.O. Box 7600, Chicago 8OC 
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> Science Achievement Awards 
for Students 


From time immemorial, the thrills of discovery and 
invention have provided the allure which brings people 
into the scientific enterprise. In turn, no discovery or 
invention reaches its full value until the person with the 
idea explains it clearly to other interested people. These 
two points, basic to the philosophy of the Awards pro- 
gram, are reflected in the new booklet, 7f You Want to 
Do a Science Project. 

These two points of philosophy have also played an 
important part in planning and conducting this program. 
Any student in grades 7 through 12 can take part. Any 
activity that parallels or is similar to what scientists do 
can constitute a project. A minimum of time must be 
devoted to preparation of the entry. It is not necessary 
to prepare an exhibit or display of the project, although 
many additional values are gained by doing so. An entry 
becomes more like the report that a practicing scientist 
would send “upstairs” to his group leader or laboratory 
director. 

Doing the background study necessary to make a col- 
lection, designing or building a piece of necessary equip- 
ment, modifying a laboratory exercise, testing a product 
or process, and simply exploring anything that has 
aroused curiosity can lead to worthwhile student proj- 
ects 


Remember 


that there have been four 


changes in the program for 1956. 


important 


1. The deadline date has been moved up to 
March 15. 

2. Twenty national awards of $100 Savings 
Bonds have been added for projects at any 
grade level dealing with metals and metallurgy. 

3. Any kind of project is eligible for partici- 
pation in any grade. 

4. The total value of awards has been prac- 
tically doubled. 


> FSA Chart-Making Contest 


The methods of science continue to be talked about 
but much more must be done before many teachers can 
add the “do and feel” to the “see and hear” concept of 
science. Hoping to gain one more step in this direction, 
the 1956 FSA Chart-Making Contest is focused entirely 
on the theme—‘What scientists do, how they do it, and 
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why their work is important.” The prizes this year are 
$25 worth of books to be chosen by the winning students 


or their science classes. Thirty awards will be divided 
between the junior and senior high school divisions. 
The complete rules follow. 

1. Each chart should try to answer one or more of 
these questions—What do scientists do? What methods 
do they use? Why is their work important? 

2. Charts should be 24 by 36 inches. Do not use stiff 
board. Entries must be rolled and wrapped securely for 
mailing. Include postage if charts are to be returned 
after contest is over. 

3. An entry may be the work of a single student, small 
groups, or it may represent an entire class project. Stu- 
dents in grades 7 through 9 will compete with each other 
and similarly for students in grades 10 through 12. 

4. Identify each entry on back of chart with name, 
school address, and grade of one student who is mainly 
responsible for the entry. The teacher’s signature should 
appear there also. 

5. Entries may be submitted as soon as ready. No 
entries will be accepted if postmarked later than March 
1, 1956. 

6. Send all entries to the Future Scientists of America 
Foundation, The National Science Teachers Association, 
1201 Sixteenth St., N.W., Washington 6, D. C. 

7. Winners will be announced on or before April 1, 
1956. Award books may be selected from the 1950 
through 1955 lists of Recommended Young People’s 
Books published by the Library Journal. 


> Summer Programs for Teachers 


Although all details have not been completed, the 
Foundation will make an active effort to help teachers 
with their 1956 summer plans for science-related jobs 
in industry, research assistants on university campuses, 
or participation in special conferences. It is not too 
early to register your hopes and preferences. Send us 
your name, major subject and the number of semester 
hours preparation, number of years teaching experience, 
non-teaching science related experience, if any, and 
geographical limitations or preferences. 

One assured program is a 1956 West Coast Science 
Teachers’ Summer Conference. For the third straight 
year, the Crown Zellerbach Foundation has given FSAF 
a $10,000 grant for this purpose. The 1956 Conference 
will be held at Oregon State College, June 15-29. Fel- 
lowships of $200 will be awarded to thirty-two teachers 
from the seven most western states. Application forms 
available from FSAF. 
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it’s OUT! 


SCIENCE FOR 
YOUR NEEDS 





Book 2 — 8th grade 
of Prentice-Hall’s new 
SCIENCE FOR PROGRESS series 
for grades 7, 8, and 9 
by Maurice U. Ames, Arthur O. Baker, 


and Joseph P. Leahy 


Published by Educational Book Division 





PRENTICE-HALL, Inc., Englewood Cliffs, New Jersey 
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BIOLOGY 
652 pp. 
Illinois 


ror You. B. Bernarr Vance and D. F. Miller. 
$4.20. J. B. Lippincott Company. Chicago, 
(Third Edition) 1954. 


The third edition of this popular biology text follows 
the recent trend of changing to a two-column format. 
Portions of the previous edition have been brought up-to- 
date with recent developments and changes. New material 
is included on medicine, drugs, and gardening. 

The book is organized around fifteen units, each of 
which is quite complete in itself. It is thus possible to 
vary the sequence of teaching topics in order to meet the 
needs of special courses or different groups of students. 
The topics dealt with are the usual ones generally presented 
in high school biology. Each opens with an _ interest- 
provoking story, an item of biological history, or an account 
of some biological activity. In many places everyday ex- 
periences are tied in with new knowledge. Within each 
unit is a series of review questions following the major 
divisions of each unit. Each unit with a unit 
and a unit review 


concludes 
summary 

The activities and laboratory experiences suggested are 
all ones that can be done with a minimum of equipment. 
This means that students in every school should be able to 
engage in the suggested activities no matter how meager is 
the available equipment. 


There is an extensive glossary and the book is well 
indexed. Teachers using this book as a basic textbook 
in a general biology course will probably find it very 


adequate for the student of average ability, somewhat too 
difficult for the learner, and somewhat lacking in 
challenge for the more able student 


slow 


Ricwarp H. Lapt 
Amherst Central High School 
Snyder, New York 


PracticaL Puysics. Marsh W. White, Kenneth V. Manning, 
and Robert L. Weber. 484 pp McGraw-Hill 
Book Company, Inc., New York. (Second Edition) 1955 


$5.50. 


This book is intended to be used as an elementary text 
in one-semester physics courses presented in Junior Colleges, 
Technical Institutes, and Liberal Arts Colleges. The conven- 
tional fields of physics are covered in a concise manner with- 
out going into the greater detail which would be needed for 
students intending to continue in physics. Some twenty- 
four are devoted to atomic and nuclear physics. 
Directions for performing thirty-three simple experiments 
are included at the end of the text material. 

A pleasing feature of the book is the generous number of 
illustrative solved problems which is provided. In these the 
algebraic treatment of units is emphasized. Each chapter 
is followed by a large number of problems, many of which 
include answers. Most problems make use of the British 
the metric gravitational system is not used. 
The mathematics required of the student is very simple 
Formulas are generally stated rather than derived. 


pages 


system of units; 


Trigono 


1955 
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metric functions are required for the chapters on force and 
motion and these are explained in the appendix. Tables of 
the trigonometric functions are included. 


J. D. Savace 
Granby High School 
Granby, Quebec 


TV AND ELECTRONICS AS A CAREER. 
H. Dorf. 326 pp. $4.95. 
New York. 1951. 


Ira Kamer and Richard 
John F. Rider Publisher, Inc. 


High school science students often have remarked to their 
instructor, “I am interested in electronics. What kind of 
opportunities exist in the field?” This book is a good be- 
ginning toward an answer as it offers a comprehensive over- 
view of the field and covers job opportunities in television 
and radio in areas of design, operation, and sales. 

The authors have not attempted the task by themselves. 
The chapter on television broadcasting was written by J. R. 
Poppele, of station WOR in New Jersey; the sections on 
electronic engineering, and radio and television manufacturing 
by Raymond W. Peterson of the Admiral Corporation; and 
the unit on television servicing by W. Hollander Bohlke of 
RCA Service Company, Inc. All are highly capable men in 
their field. 

Job descriptions are complete yet concise. One should 
remember that this book was first published in 1951 when 
reading the salary schedules published within its- pages. 
These may be unrepresentive of present schedules. That the 
book is somewhat dated is also noticeable in the section 
where parts needed for stocking a repairman’s supply are 
listed. Further, there is no mention of the newer larger 
size picture tubes. Color television and the opportunities 
opened within this field are not mentioned. 


Witrrep H, Hupp 
Marion-Franklin High School 
Columbus, Ohio 


New Wor.p or CHEMISTRY. 
Silver Burdett Company. 


Bernard Jaffe. 678 pp. 
New York. 1955. 

First published in 1935, this text for high school chemistry 
was well received. The 1955 edition has been extensively 
revised and new material added though the book as a whole 
has been shortened. Entirely new illustrations have been 
used and the diagrams redrawn and enlarged. “Striking ad- 
vances have been made in nuclear energy, petrochemistry, 
metallurgy, textiles, and plastics. The chapters dealing with 
these subjects have been thoroughly revised to take these 
changes into account.” The author, an outstanding teacher, 
is a strong advocate of the historical approach to teaching 
chemistry. His conviction is evident in the beginning of 
each chapter. This book is a good standard text made 
better by the revision. 


$4.16. 


G. Bruce Hooper 
Cuyahoga Heights High School 
Cleveland, Ohio 
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Working Out of the T-Formation 





SCIENCE 
IN EVERYDAY LIFE 


Obourn, Heiss, 
Montgomery 


CHEMISTRY— 
A Course for High Schools 


3rd Edition 


Hogg, Alley, Bickel 


PHYSICS— 
A Basic Science 
3rd Edition 


Burns, Verwiebe, 
Hazel, Van Hooft 


EARTH SCIENCE—. 
The World We Live In 


Namowitz, Stone 





For a winning combination in any basic science curriculum, make 
these four outstanding texts your regular backfield this season. 
Easy to teach, easy to understand, they give teachers and students 
a coordinated program of high school studies in general science, 
physics, chemistry and earth science. 


D. VAN NOSTRAND COMPANY. INC. 


120 Alexander Street Princeton, New Jersey 
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TREE Froc. 
day House. 


Paul McCutcheon Sears. 
New York. 1954. 


48 pp. $2.00. Hboli- 


Paul Sears traces the life history of the tree frog from 
the fitful wakening of spring following hibernation through 
food gathering and the perils of existence to mating, egg 
laying, growth, and digging in for winter. He uses a de- 
lightful manner that makes the reader care about the tree 
frog, but which is factual and solid throughout. The charm- 
ing, thoroughly original drawings by Barbara Latham that 
enhance each spread, adhere closely to fact. This volume 
appeals to all ages from eight up—a standard that a good 
book for young people should meet. 


FRANKLYN M. BRANLEY 
State Teachers College 
Jersey City, New Jersey 


Tue Care AND FEEDING OF GARDEN PLANTs. 14 leading 
authorities of The American Society for Horticultural 
Science. 184 pp. $3.00. American Society for Horti- 
cultural Science and National Fertilizer Association. 
Washington, D.C. 1954 


This is really an outstanding book for the home gardener. 
In a brief but highly effective manner, the various experts 
have given the highlights of the culture of the plants in 
their special field of interest. They cover the average home 
gardener’s interests surprisingly well. 

Starting off with a brief but highly interesting discussion 
of how plants grow, they cover lawns, shrubs, trees, house 
plants, garden flowers, vegetables, and small fruits in seven 
other chapters 

While the book is slanted 


toward the nutrition and 


fertilization of plants, a tremendous amount of other valu- 
able cultural information for the home gardener is given 
simply and concisely. 

Outstanding and unique features of the book are the 
numerous color plates showing the appearance of the foliage 
of various plants when there are deficiencies in the various 
soil minerals. These are of great value in helping the 
gardener to decide what his soil needs when crops show 
abnormalities of leaf coloring—telltale signs when you 
know how to interpret them. 

The book is an invaluable reference and guide for the 
gardener in the care and feeding of his plants, and many 
biology and chemistry teachers will want it for their 


student reference shelf. Paut R. Younc 


School Garden Supervisor 
Cleveland, Ohio 


Att Asout WHALEs. Roy Chapman Andrews. 
$1.95. Random House. New York. 1954. 


148pp. 


The thrill of adventure along with scientific facts about 
whale hunting and whales are interestingly portrayed from 
the author’s personal observations and studies. Youngsters 
will feel the thrill of the “hunt,” the suspense of the action, 
and also be well informed as to the many varieties of 
whales. The book should add variety and interest to several 
types of units such as the study of mammals or the whale 
industry. The format and blue-white illustrations are en- 
couragements to enjoyable reading. 


CuHaARLoTTE A. Bascock 
Conqueror’s College 
Portland, Oregon 








Guaranteed for ten years against defective 
parts or workmanship. 





NEw (5 MICROSCOPES 


NEWLY DESIGNED 


The most foolproof microscope on the market. A full sized COMPLETE 
instrument in the price range of the most reasonable “student” models. 


This instrument has: 


and an EXCLUSIVE feature of the base extending slightly beyond the 
objective thereby precluding the bumping of objectives against the back 
wall of shelves and damaging nosepieces or objectives. 
focal indefinitely. 


Mirror specially mounted so it cannot fall out. 


Sold on ten days approval. 


THE GRAF-APSCO COMPANY 


5868 Broadway 


“~“€ee0 ” 


NEW SAFETY FEATURES 


A FULL fine adjustment 

All METAL coarse adjustment rack and pinion 
Plano-concave mirror 

STANDARD 16mm and 4mm objectives 


Will remain par 


Price: $118.00 (we pay transportation) 
Less 10% on 5 or more 


Hughenian ocular 10x 
Achromatic objectives: 16mm (10x) and 4mm (44x) 
Disc diaphragm 


Old microscopes accepted in trade. 


Chicago 40, Ill. 
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SEE BETTER... 
MORE EASILY 


WITH SCIENCE’S FINEST 


MICRO-VISION 


Only Bausch & Lomb Stereomicroscopes 
can give you such clear, sharp views, vividly magnified in natural 
3-dimensional detail . .. such relaxed ease throughout prolonged 
examinations. Because only Bausch & Lomb gives you the 
finest optical system ever produced for wide-field 
work ...in a complete line of models comfort- 
tailored to every need. 


SHOCKPROOF .. . for 
lifetime dependability 


Ready whenever you need it... in the lab or in the 
field... because prisms can’t jar loose despite the 
punishment of year-after-year practical use. Double 
support locks them into lifelong alignment... 
clamps at the top, gibs at the bottom. 


DUSTPROOF .. . for bright, 

detailed images 

Even on field trips, you get “laboratory clean” images. 
Patented Neoprene ring inside prism housing fits 
flush on prism surface, seals out dust... one of the 


reasons why B&L Stereomicroscopes are dustproof 
for life. 


3-D MICRO-VISION BOOK 


© -See actual stereo views! 

@ Fit exact model to specific study needs, 
with unique Selector-Chart! 
For your free copy of Manual D-15, write to Bausch & Lomb 
Optical Co., 78047 St. Paul St., Rochester 2, N. Y. 


5 ¥ EREOMIC ROSCOPES Amenca’s only complete optical source from glass to finshed product 
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CURES AND COLDS. 
Available free from the Audio-Visual School Service, 48 E. 
29th St., New York, N. Y. Sponsored by the Pfizer Labora- 
tories. 


52-frame filmstrip, 1955. Color. 


Recommendation: Suitable for intermediate and junior 
high school levels in science and health. 


Content: This filmstrip is intended to familiarize the stu- 
dents with some of the important steps in the advance 
from magical notions of medicine to the scientific approach 
to medicine. It is arranged according to the main historical 
events which are generally regarded as important mile- 
stones in the history of medicine. 


Evaluation: The filmstrip is done in a cartoon technique. 
It was not felt to be too valuable for most science units. 
The organization was not good, and very little true science 
seemed to be incorporated. At times it was hard to deter- 
mine what the cartoon represented. A Teachers’ Guide is 
included. 


o o ° 
WORLD OF LITTLE THINGS. 15 min. sound, 1954. 


$60 B & W. Moody Institute of Science, 
Monica Blvd., Los Angeles 25, Calif. 


$120 Color, 
11428 Santa 


Recommendation: Very useful in high school biology and 
in junior high units on Microscopic Life. May have limited 
use on the upper intermediate level. 


Content: Typical minute metazoa and protozoa found in 
fresh water are seen. The relationship of plants and ani- 
mals in a water-drop aquarium is explained. Members of 
the University of Southern California Marine Laboratory 
are shown conducting a marine life survey. Close-ups of 
various diatoms are shown, and the economic importance 
of diatomaceous earth is emphasized. 


Evaluation: The photography is excellent, and the com- 
mentary, although a little above the level of lower ‘grades, 
is good. The film has a fine musical score. It features the 
use of microphotography and time-lapse techniques. It 
should stimulate interest and discussion. The brief message 
included at the end of the film adds a note of dignity to 
the presentation. A Teachers’ Guide is included. 


°o ° °o 


NITROGEN CYCLE. 14 min. sound, 1954. $60 B & W. United 
World Films, 542 S. Dearborn St., Chicago, II. 


Recommendation: Suitable for use in high school biology, 
general science, social studies, and agriculture on the junior 


high level. 


Content: Shows that the air is the source of nitrogen 
that is utilized by the bacteria which invade plant roots and 
form nodules. The plant uses the nitrogen to form 
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proteins used by animals. In the food chain these animals 
become food for other animals, and the excrement is finally 
returned to the soil by bacterial decomposition. Soluble 
nitrates are formed when the energy of lightning combines 
oxygen and nitrogen in the air. These compounds enter the 
soil and are also available to the plants. If natural methods 
are not sufficient, the farmer must add commercial fertilizers 
to enrich the soil. 


Evaluation: The film has well-organized content and a 
good summary at the end. This summary, however, seems 
to be geared to a junior high level. Microphotography and 
cine-radiology show actual functions of the root hairs asso- 
ciated with the nodules and bacteria in the soil. Teachers’ 
Guide is included. 


°o ° ° 


SOUND: HARMONIC MOTION, PROGRESSIVE WAVES, TRANS- 
VERSE WAVES, LONGITUDINAL WAVES. Series of four, nine- 
minute films. $180 series, or $50 each B & W. McGraw- 
Hill Book Co., Inc., Text-Film Dept., 330 W. 42nd St., New 
York, N. Y. 


i+] Anti 


Rec Suitable for high school and college 
physics and mathematics classes. Could be used both in 
sound and electronics. 





Content: Various types of sound waves are graphically 
illustrated in each of the films. The title indicates the area 
which is treated. The films use diagrams, beads, springs, 
and other concrete objects to illustrate each point. The 
mathematical relationships between the waves and the re- 
sulting formulae are stressed. 


Evaluation: Along with textbook study and classroom dis- 
cussion, these films should prove extremely valuable in 
providing a complete coverage of the topic of wave motion. 
Since it shows by animated diagrams the actual wave 
progress, it supplies a visual aid which can hardly be illus- 
trated in any other way. The commentary is good. Guide 
sheet for teachers is included. Produced under supervision 
of the American Association of Physics Teachers. 


° ° ° 


SIMPLE MACHINES (SERIES). Four films each 6 min. sound, 
1954. $110 B & W. Coronet Instructional Films, Coronet 
Building, Chicago 1, Il. 


Recommendation: Suitable for supplementary work in sci- 
ence in intermediate grades, and for general science at the 
junior high level. Vocabulary may be too advanced for 
classes below grade four. 


Content: This series has been planned to help pupils 
develop an understanding of the principles and operation 
of simple machines. The four films dealing with Levers, 
Inclined Planes, Pulleys, Wheels and Axles, provide an op- 
portunity for demonstrating the operating principles of the 
machines, and for illustrating the ways in which they ease 
and simplify work. The films incorporate laboratory and 
model set-ups and animation to present a number of demon- 
strations of the basic relationships between force and dis- 
tance. 


Evaluation: Covers the basic facts and ideas although any 
well-equipped laboratory can duplicate the experiments 
easily. Content is well-organized. Photography and sound 
are good, but the presentation is quite academic. A Teach- 
ers’ Guide accompanies the series. 
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Cry these UNITRON Student Microscopes 


-..in your own classroom... FREE...for 10 days 













UNITRON Student Model MUS 
Despite its low cost, UNITRON Model MUS offers features lacking even in 


much more costly models offered for student use. For example, both fine 
and coarse focusing are provided—not merely a single focusing control; an 
iris diaphragm to regulate aperture for highest resolution—not merely a 
disk diaphragm; and a condenser system for optimum illumination. 

The optical performance of Model MUS at each of its magnifications is 
equivalent to that of expensive research models. All mechanical parts are 
made of the same fine materials as our microscopes for advanced work, 
machined to close tolerances and beautifully finished in black and chrome. 
A mechanical stage is available as a separate accessory. Both a fitted 
wooden cabinet and a plastic dustcover are included. 


OBJECTIVES: Achromatic 5X, 10X and 40X. 4 
EYEPIECES: Choice of two Huygens eyepieces, ' ? 4 
among 5X, 10X, 15X. oy 


quantity discounts available 





UNITRON Dissecting Model ADS 


Here is an ideal dissecting microscope for your laboratory class. UNITRON 
Model ADS has a heavy horseshoe base with large 92x75mm stage with glass 
plate. The micrometric rack and pinion focusing mechanism has a travel 
of 45mm. A swivel-arm lens holder permits observation over a wide area. 
Achromatic lenses, detachable arm rests, mirror and white background 


plate, and fitted cabinet are included. 
Model ADS with lenses for 10X, 20X only $32-50 
Model ADSA with lenses for 5X, 10X, 20X only $36.50 


quantity discounts available 


UNITRON Student Phase Model MPEA 


The phase microscope renders visible a large class of specimens, such as 
living cells, which are practically invisible under the ordinary microscope. 
No staining or special preparation of the specimen is required, and the 
microscope itself is operated in the usual manner. Every biology teacher 
needs at least one phase microscope to demonstrate processes in /iving 
organisms. 

Phase microscopes are customarily available only in the $500-$1000 price 
range. UNITRON Model MPEA is the only phase microscope ever offered 
which is priced to appeal to the limited educational budgets. As Professor 
Corrington reported in Nature Magazine, “Now, for the first time, this 
equipment, the most important development in microscopy since oil-immer- 
sion objectives is within the reach of the amateur, the high school, and the 
college freshman laboratory.” We should be happy to send you a reprint 
of his interesting article on request. 

Model MPEA can also be used as an ordinary microscope by unscrewing 
the phase diaphragm. The microscope comes complete with cabinet. 


OBJECTIVES: Achromatic 4X, P10X, P40X. $99 
EYEPIECES: 5X, 10X, 15X. only 




















quantity discounts available 

ae agg Microscopes hy chosen by These UNITRON Student Models are part of We invite you to try any or all of the Stu 
leading universities, such as— a complete line of microscopes which in lent Models in your own classroom for ten 
Bates College Tulane Univ. cludes laboratory, phase, stereoscopic, polar lays at no cost or obligation. Let the in 
Boston University U. of Alberta izing and metallurgical models These re ila! See Oi a cae i i 
Bowdoin College U. of Arkansas markable instruments have dispelled the ; she. : 
Brooklyn College U. of Buffalo myth that unexcelled optical and mechanical decide to purchase Send coupon below for 
Brown University U. of Houston performance is inconsistent with low cost. your free UNITRON Microscope Catalog. 
Columbia University __U. of Illinois 
Cornell University U. of Louisville a 
Creighton University U. of Maine ’ ’ ofe 204-6 Milk St. 
Depauw University U. of Miami 
Harvard University U. of Michigan Boston 9, Mass. 
Hillyer College U. of Miss. 
Johns Hopkins Univ. U. of Missouri | 
Kansas State College U. of Nebraska Please send me your complete catalog on UNITRON Microscopes. 
eyes State Col. U. of Rochester | 
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Index—February through November, 1955 


Author’s Index 


Anselm, Brother I., F.S.C. 
Individual Needs. 


Barish, William. 


Making Projects Serve Our 
October: 228. 


“Cash In” on Your Waste Platinum. 


April: 143. 

Barr, George S. An Interesting Surveying Project 
October: 247. 

Barr, George S. How Much Water in an Apple? Sep- 
tember: 186. 

Barr, George S. Jdeas for a Young Naturalist. April 


143 
Beck, Charles F. A “Breadboard” Demonstration Radio 
Receiver. March: 102 


Bennett, Thomas P. 
November: 295. 


Demonstration of Cigarette Tars 


Bennett, Thomas P. Hero’s Heat Engine 


297 


November 


Blackwood, Paul E. and Kenneth E. Brown. 
Education Research—1954 (a bibliography). 
tember: 199. 

Blanc, 
Interests in Science. 


Science 

Sep- 
Sam S. Graphic Representation of Student 
March: 91. 


Branley, Franklyn M. Equipment for Elementary 
Science: Providing a Source of Heat. April: 133. 

Brown, Kenneth E. and Paul E. Blackwood. Science 
Education Research—1954 (a bibliography). Sep- 
tember: 199. 

Buck, Jacqueline V. and George G. Mallinson. Science 


Education Research and _ the 


February: 20. 


Classroom Teacher 


Carleton, Robert H. 
Teacher Hazard? 


Physics Hazard, Math Hazard, or 
September: 173. 


Clyde, A. E. and Verna 
Show the Change of Seasons 


Shields. Something New to 
October: 245 


Collier, Calhoun C. and Edward E. Heathcote. 
tion of Science with Other Subjects 


Integra- 
February: 14. 


Cooper, Robert H. Developing Science Atmosphere in 
the Elementary Classroom. November: 280. 


Crossland, R. W. The Training of Science Teachers in 
a University Education Department. April: 123. 


Dewey, John. Method in Science Teaching 


April: 119 


Easton, Elmer C. Energy Resources. November: 269 


Emery, Alden H. The Education Team. February: 9 


November 1955 


Engle, T. L. Psychology as a High School Science. 
October: 235. 


Goff, Aaron. 
291. 


Emphasizing the Unknown. November: 


Havighurst, Robert J. 
October: 221. 


Heathcote, Edward E. and Calhoun C. Collier. IJntegra- 
tion of Science with Other Subjects. February: 14. 


Science and Intelligent Choice. 


Heinlein, C. Leroy. Science and the Flannel Board. 
April: 146. 

Henderson, H. Francis. Eyepiece Micrometers. March: 
101. 

Hendricks, B. Clifford. 
78. 

Hoch, Loren L. 
ing Biology. 


Evidence Awareness. March: 


The Use of Sponsored Films in Teach- 

September: 179. 

Jackson, William N. Reflective Thinking as a Purpose 
in High School Science. November: 273. 

Jaq Robert S. To the Hot Water 
Heater. April: 147. 

Kelson, Walter and Clyde E. Parrish. 
Contribute to General Education? 
Kritchevsky, Evelyn S. 

Teaching Aids. 


Demonstrate 


Can Chemistry 
February: 17. 
Two Simple Word Games as 
November: 287. 


Kuner, Harry. Nurturing Laboratory Interests in Chem- 
istry. March: 101. 


Liston, Florence and George Woodsum. 
Scientific Library. October: 238. 


An Inexpensive 


Long, Robert H. Demonstrating the Principle of Rela- 
tive Motion. April: 144. 


Lowden, Mary and Robert Stollberg. Elementary 
School Science in the Making. March: 75. 

Lucow, William H. A Research Study in the Learning 
of High School Chemistry. November: 283. 


Science 
Teacher. 


Mallinson, George G. and Jacqueline V. Buck. 
Education Research and the Classroom 
February: 20. 

Mecum, Ida May. The Significance of Pasteur’s At- 
tempt to Disprove the Theory of Spontaneous Gen- 
eration. March: 70. 

Nelson, Clifford R. A Test for Speed and. Understand- 
ing of Science Reading Materials. October: 240. 
Parrish, Clyde E. and Walter Kelson. 
Contribute to General Education? 


Can Chemistry 
February: 17. 











BACKYARD ZOO-—Materials to 
build a small zoo for living ani- 
mals found in your backyard. 


Developed by Jeff B. West 
20-page illustrated booklet. $7.00 
CONSTRUCT-A-GLOBE — Mate- 


eA rials to construct a 10%” diame- 


ter globe that shows all major geographical locations. 
Instructors manual included. $4.00 


Study and Hobby Kits 


MODELS OF INDUSTRY KITS 
developed by Models of Industry, Inc. 
MODEL WEATHER STATION—Weather Kit con- 


tains equipment for 23 experiments on the laws of 
the atmosphere. Basic materials to assemble 10 
model instruments. 40-page illustrated handbook 
on what makes the weather. 20-page Teachers 
Manual for building a weather work unit. 


$6.00 


ELECTRICAL KIT—Basic materials to construct 9 
working instruments and for performing 28 experi- 
60-page handbook and 24-page teachers 


$7.00 


ments. 
manual. 


OPTICS KIT—Materials and lenses to make 12 work- 
ing instruments. 88-page handbook with instructions 
for 40 experiments plus teachers manual. $12.00 


“AMERICAN INDUSTRY” Educational Hobby Kits 


OPTICS KIT No. 1—With the materials and instruc- 
tions in this American Industry Educational Hobby 
kit, you can repeat the experiments that great scien- 
tists performed hundreds of years ago in the field 
of optics. You can build a telescope, a microscope, 
and can perform the basic experiments with prisms. 
It is ideal for instruction in elementary principles 
of optics, either in the classroom or the home. 


Kit contains: 


2 stainless steel beams | coneave-convex mirror 
| stainless steel connector | prism 

2 plastic feet | plastic prism table 

4 lens holders | color filter card 

| cheek piece 1 multi-aperture card 

| plane mirror 1 sereen card 


| cord and plug 

| light bulb 

| per.scope tube and insert 
4 lenses 

1 cleaning cloth 


$15.90 


WEATHER KIT No. 1—Build your own weather sta- 
tion and make your own forecasts. 48-page instruc- 


tion book tells about new careers in weather. $15.90 


ROCK DETECTIVE KIT No. 1—A 70-page instruc- 
tion book tells where to look for rock samples and 
how to read the secrets the rocks conceal. $10.00 
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ELECTRONICS KIT No. 1—Build your own battery- 
operated radio transmitter as well as receiver. 
Handbook tells how to conduct dozens of experi- 


$20.00 


ments with sound waves and electrons. 


MEDICAL TRAINING KIT No. 1—Material enables 
one to perform first aid and to learn the proper 
care of his body. Two booklets give guidance 


$10.00 


toward a career in medicine. 
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Pollack, Harvey. 


tronics 


A Design Set for High School Elec- 

September: 183. 

Richards, James E., Jr. 
131. 


The Friendly Insect. April: 


Richardson, John S. 
Teaching of Science 


Professional Discipline and the 
September: 169. 

Ronneberg, Conrad E. New Requirements for Pro- 
visional Teaching Certificate in Science in Ohio. 
March: 85 

Sack, Nathan 
Implications 


A New Building: Elementary Science 
September: 185 

Schenberg, Samuel. A Study of the Nature and Extent 
of the Employment of Laboratory Assistants in the 
High Schools of the United States. October: 231. 
Murl C 
lenge of Cancer 


Shawver The Science Teacher and the Chal- 


April: 127. 
Test Tubes and Tadpoles for Teachers of 
March: 81 
Shields and A. E. Clyde. 
Show the Change of Seasons 
Arthur W., Jr 


November: 295 


Shein, Ira E 
Science 


Verna Something New to 


October: 245. 
Smith 
tion 


A Problem-Solving Demonstra- 


Stollberg, Robert and Mary Lowden. Elementary School 
Science in the Making. March: 75. 


Stollberg, Robert. 
proved Learning. 


Science Demonstrations for Im- 
November: 277. 

Subarsky, Zachariah. Toward More Effective Labora- 
tory Work in Science—A Try. September: 186. 
Telfer, Richard G. Results with Projects in General 

Science. April: 145. 
Thiessen, G. W. 


Finding Atomic Weights. April: 140. 


Thomson, Procter. Scientific and Technical Manpower: 
The Economics of the Case. September: 177. 


Westmeyer, Paul. Jnexpensive Models for Demonstrat- 
ing Molecular Structure. November: 295. 


Wilson, Leland L. What “It” Did for Nancy. October: 
243. 

Wolf, Frank E. How to Insure a Successful Blood 
Slide Demonstration. February: 41. 

Wolf, Frank E. 
225. 


Toward Racial Integration. October: 


Woodsum, George and Florence Liston. 
Scientific Library. October: 238. 


An Inexpensive 


Topical Index 


Education of Science Teachers 


Emphasizing the Unknown. Aaron Goff. November: 
79] 
Physics Hazard, Math Hazard, or Teacher Hazard 


Robert H. Carleton. September: 173 


The Training of Science Teachers in a University Edu- 


cation Department. R. W. Crossland. April: 123 


Elementary School Science 


A New Building: 
Nathan Sack 


Elementary Science Implications 


September: 185. 


An Interesting Project 


October: 247 


Developing 


Surveying George S. Barr. 


Science Atmosphere in the Elementary 


Classroom. Robert H. Cooper. November: 280 
Elementary School Science in the Making. Mary 
Lowden and Robert Stollberg. March: 75 


Equipment for Elementary Science: Providing a Source 


of Heat. Franklyn M. Branley. April: 133. 

How Much Water in an Apple? George S. Barr. Sep- 
tember: 186 

November 1955 


Ideas for a Young Naturalist. 
143. 


George S. Barr. - April: 


Integration of Science with Other Subjects. 
Collier and Edward E. Heathcote. 


Calhoun C. 
February: 14. 


Experiments, Demonstrations, and Pupil 
Projects and Activities 


A “Breadboard” Demonstration Radio Receiver. Charles 
F. Beck. March: 102. 

A Design Set for High School Electronics. 
Pollack. September: 183. 

An Interesting Surveying Project. 
October: 247. 


Harvey 
Barr 


George S. 


Demonstrating the Principle 
H. Long. April: 144. 


of Relative Motion. Robert 


Demonstration of Cigarette 
November: 295. 


Tars. Thomas P. Bennett. 


Eyepiece Micrometers. H. Francis Henderson. March: 
101. 

Hero’s Heat Engine. Thomas P. Bennett. November: 
297. 


How Much Water in an Apple? 
tember: 186. 


George S. Barr. Sep- 








How to Insure a Successful Blood. Slide Demonstration 
Frank E. Wolf. February: 41. 

Inexpensive Models for Demonstrating Molecular Struc- 
ture. Paul Westmeyer. 

Making Projects Serve Our Individual Needs 
I. Anselm, F.S.C. 

New Ideas for School Science Laboratory Activities 
A Report of the 1954 West Coast Science Teachers’ 
Summer Conference. 


November: 295. 


Brother 
October: 228. 


February: Insert 

Nurturing Laboratory Interests in Chemistry. 
Kuner. March: 101. . 

Results with Projects in General Science 
Telfer. April: 145. 


Harry 


Richard G. 


Something New to Show the Change of Seasons. Verna 
Shields and A. E. Clyde. October: 245 

To Demonstrate the Hot Water Heater. Robert S 
Jaquiss. April: 147 

Toward Racial Integration Frank E. Wolf October 
275 


FSA Activities 


“Careers in Science Teaching.” September: 193 
“Encouraging Future Scientists: Materials and Services 
Available in 1955-56. September: 193 


Financial Support of the Foundation 
October: 254 

FSAF-NSTA Advisory Panel 

“Tf You Want To Do A Science Project.” September 
193 


February: 57 


Pe) 


September: 1 


New Ideas for School Science Laboratory Activities— 


A Report of the 1954 West Coast Science Teachers’ 
Summer Conference. February: Insert 
Recognition Awards for Science Teachers April: 153 


September: 193 
Achie 
57. September: 193 


for Students 
Insert 


Science vement Awards February 


and November: 303 
Student Chart-Making Contest 


153. 


February: 57. April 
November: 303 
Summer Opportunities for Science Teachers 


57. September: 193 


February 

November: 303 

What Is FSAF and What Does It Do? 
October: 253 and 254 

What “It” Did for Nancy 
243 


Winners of Science 


March: 105 


Leland L. Wilson. October 


Achievement Awards for Students, 


1955. September: 187 


History, Philosophy, Goals, and Objectives 


Contribute to General 
Clyde E. Parrish and Walter Kelson 
Ex idence U 


id 


Chemistry 


Can Education? 


February: 17 


B. Clifford Hendricks. March 


Ax areness 


Method in Science Teaching. John Dewey. April: 119 
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Professional Discipline 
John S. Richardson 


and the Teaching of 

September: 169 

Reflective Thinking as a Purpose in High School Science 
William N. Jackson 


Science 


November: 273 


Science and Intelligent Choice. Robert J. Havighurst 
October: 221. 
The Education Team. Alden H. Emery. February: 9 


Information for Science Teachers 


A Study of the Nature and Extent of the Employment 
of Laboratory Assistants in the High Schools of the 
United States October: 231 


An Inexpensive Scientific Library 


Samuel Schenberg 


Florence Liston and 


George Woodsum. October: 238 
Elementary School Science in the Making. Mary 
Lowden and Robert Stollberg. March: 75 
Energy Resources. Elmer C. Easton. November: 269 
Finding Atomic Weights. G. W. Thiessen. April: 140 


More Than Satellites! 
September: 194 


International Geophysical Year 


New Requirements for Provisional Teaching Certificate 


in Science in Ohio. Conrad E. Ronneberg. March 
Q 5 
Science Education 1955 A Directory of Summer 


Workshops and Programs of Study. April: 135 
Scientific and Technical Manpower: The 


the Case 


Economics of 


Procter Thomson. September: 177 


and Fellowship Pro 
February: 23 


Summer Institutes, 
grams for Science 


Conte rences, 
T dé he rs 


The Friendly Insect. James E. Richards, Jr. April 
131 

The Science Teacher and the Challenge of Cancer 
Murl C. Shawver. April: 127 


The Significance of Pasteur’s Attempt to Disprove th 
Theory of Spontaneous Generation. Ida May Mecum 
March: 70 

What “It” Did for Nancy 
243 


Leland L. Wilson 


October 


Instructional Suggestions, Methods, and 
Materials 


A New Building: 
Nathan Sack 


Elementary Science Implications 


September 185 


A Problem-Solving Demonstration. Arthur W. Smith 
Jr November: 295 

“Cash In” on Your Waste Platinum. William Barish 
April: 143 

Demonstrating the Principle of Relative Motion. Robert 
H. Long. April: 144 

Developing Science Atmosphere in the Elementary 


Classroom Robert H Cooper November: 280 


Emphasizing the Unknown. Aaron November 


291 


Gott 


The SCIENCE TEACHER 


Equipment for Elementary Science: Providing a Source 
of Heat. Franklyn M. Branley. April: 133. 

Finding Atomic Weights. G. W. Thiessen. April: 140 

How to Insure a Successful Blood Slide Demonstration 
Frank E. Wolf. February: 41. 

Ideas for a Young Naturalist 
143 

Making Projects Serve Our Individual Needs 
I. Anselm, F.S.C. October: 228. 


Nurturing Laboratory Interests in Chemistry 
Kuner. March: 101. 


Physics Hazard, Math 
Robert H. Carleton 


Results with Projects in General Science 


George S. Barr 


April: 
Brother 
Harry 
Hazard, or Teacher Hazard? 


September: 173 


Richard G 


Telfer. April: 145. 
Science and the Flannel Board. C. Leroy Heinlein 
April: 146 


Science Demonstrations for Improved Learning 
Stollberg 


Robert 

November: 277 

Test Tubes and Tadpoles for Teachers of Science Ira 
E. Shein. March: 81. 

The Use of Sponsored Films in Teaching Biology 
L. Hoch. September: 179 

Toward More Effective Laboratory Work in Science— 
A Try. Zachariah Subarsky 


Loren 


September: 186 





The MINERALS and ROCKS 
CALENDAR—1956 


Photographed and arranged by 
B. M. SHAUB 


The FIRST and ORIGINAL engagement calendar 
illustrated with pictures of minerals and rocks. 

A 128-page pictorial 
calendar, 6 x 8% inches; 
56 pages devoted to pic- 
tures of minerals, rocks, 
and scenes pertaining to 
the mineral industry; all 
with titles; 53 calendar 
pages ruled for each day 
of the week, other pages 
for addresses, memo- 
randa, etc. 

An educational book 
for the mineral collector, 
naturalist, teacher, scout, 
and others. Attractively 
boxed for mailing. 

The calendar is a source for many excellent pic- 
tures of minerals for opaque projection; it makes 
an attractive and useful gift for those interested in 
the natural sciences. 
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$1.50 plus 8¢ postage 


BENJAMIN M. SHAUB 
Dept. A. 159 Elm Street 


Northampton Massachusetts 


1955 


November 


Toward Racial Integration. Frank E. Wolf 


225. 


October 


Two Simple Word Games as Teaching Aids 
Kritchevsky. November 


Evelyn §$ 
287. 


Investigations, Research, and Fact-finding 

Studies 

A Research Study in the Learning of High School Chem- 
istry. William H. Lucow. 

A Study of the Nature and Extent of the Emp!oyment 
of Laboratory Assistants in the High Schools of the 
United States. Samuel Schenberg. October: 231 

Graphic Representation of Student Interests in Science 
Sam S. Blanc. March: 91. 

Science Education Research—1954 (A bibliography) 
Paul E. Blackwood and Kenneth E. Brown. Septem- 
ber: 199. 


November: 283 


Science Education Research and the Classroom Teacher 


George G. Mallinson and Jacqueline V. Buck. Febru- 
ary: 20. 
The Use of Sponsored Films in Teaching Biology. Loren 


L. Hoch 


September: 179 


NSTA Aetivities 
Advice Wanted by NSTA Committees. October: 251 
April: 150 


November 


Advisory Council Reorganized 
Atlanta Meeting 249 


September: 196. 


October 299 
Austin Meeting 
Berkeley Meeting 


Board Actions, Madison Meeting 


February: 53 
September: 195 
Cooperation with Other Groups. April: 151 
Life Members. April: 150 
Madison Meeting 


February: 55. April: 149 


National Convention, 1955. February: 53. March: 88 


Vational Convention, 1956 
249. 


September: 194. October 

300, and 301 

Nominees for Officers and Directors, 1955 
45 

NSTA State Directors and Co-Directors, 1955-56 
tember: 196 


November: 299, 


February 
>ep- 


Officers and Directors for 1955-56. April: 149 


Publications Committee. February: 55 
Report from Headquarters. September: 195 


Reports from NSTA Affiliated Groups. March: 93 


Science Course Content, Organization, and 
Curriculum 


Integration of Science with Other Subjects 
Collier and Edward E. Heathcote 


Calhoun C 

February: 14 

Psychology as a High School Science z.. = 
October: 235 


Engle 


Tests and Evaluation of Outcomes 


1 Test for Speed and Understanding of Science Reading 


Materials. Clifford R. Nelson. October: 240 








NSTA Life Member Roster has reached 162, repre- 
senting an increase of 32 percent since last October. 
Welcome to the following who have become life mem- 


bers since April, 1955: 
AIELLO, ALFRED, North Royalton, Ohio al ba op 


ApPLER, CHARLES R., Salisbury, Maryland 
BRETT, FRED W., St. Paul, Minnesota 
Burns, RicHArD F., Whitinsville, Massachusetts 


Curve, Ervin L., Arriba, Colorado tke aeessts 
Dovucuerty, Mary C., Wilmington, Delaware gwt FIELD TRIP 
Fox, Frep W., Oxford, Ohio \ 

Gipss, GeorcE R., Jr., Hicksville, New York . © 
GRAHAM, BEVERLY % Artesia, New Mexico with DSNEp 
GUILD, WILLIAM, St. Petersburg, Florida a 

Gurr, Epwarp M., Phoenix, Arizona 

Homik, Peter, Cleveland, Ohio 

Jones, Mrs. KATHERINE M., Tulsa, Oklahoma 
LAMKIN, F. DUANE, Portsmouth, Virginia 

McKone, FREDERICK W., Rockville, Connecticut 
Mervyn, G. Gorpon, Kirkland Lake, Ontario, Canada 


MEYER, KENNETH J., Harrison, New York sued” WORLD ACCLAIMED 


Warne, Harriet C., Haddon Heights, New Jersey 


Woyjctk, CHar.te V., Convoy, Ohio TRUE LIFE ADVENTURE 
Younc, Harry H., Jr., Wilmington, Delaware 

ZNAMENAK, JOSEPH E., Cleveland, Ohio NATURE DRAMAS 
lémm © COLOR BY TECHNICOLOR 
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... the most authentic on-the-spot rec- 
ords of nature in action ever filmed. To 
assemble these photographic facts, 
Our Advertisers months, even years have been patiently 
spent by top naturalist photographers. 

















— These rare documentaries have been 
Allyn and Bacon, Inc. 282 produced in a manner truly “Disney” 
American Gas Association 297 
American Optical Company 263 Sy NATURE’S HALF ACRE g 
Atomic Laboratories 292 +| BEAVER VALLEY a) 
Bausch & Lomb Optical Company 308 
Bell Telephone Laboratories 298 SEAL ISLAND 
Central Scientific Company Cover I\ Mail coupon NOW to... 
Cornell University 293 
Corning Glass Works 262 WALT DISNEY PRODUCTIONS 
Denoyer-Geppert Company 292 lémm DIV. DEPT. ST-11 BURBANK, CALIF 
The Graf-Apsco ( ompany 307 | GENTLEMEN: Please send us your Dept. $T-11 | 
Harcourt, Brace and Company 266 | complete catalog of DISNEY TITLES | pl. 
D. C. Heath and Company 294 and address of our nearest film library. l 
The Minerals and Rocks Calendar 315 | NAME Sipreicensiqnscinite aceite haat i 
National Science Teachers Association 261 1 oncamizarion 
Prentice-Hall, Inc. 304 no 
Rand McNally & Company 302 j ADDRESS ———. $$ | 
Science Associates 312 le STATE | 
E. H. Sheldon Equipment Company Cover III or: 0 ga we: oat ag ees eat ieee 
The L..W. Singer Co. 288 
Stanford University 293 
Stansi Scientific Company Cover II 
Testa Manufacturing Company 290 i <> <> 
United Scientific Company 310 
D. Van Nostrand Company, Inc. 306 
Walt Disney Productions—1l6mm Division 316 
W. M. Welch Scientific Company 268 
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Here’s Where Our 


FUTURE SCIENTISTS 
Are Coming From 





WL Hi 


TOTAL EXPERIENCE 


If our society is to keep ahead in scientific 


han oe? ne ie eel SCIENCE TABLE 
progress, we must develop more scientists for 


industry and research. That much is plain. 


correct principles. Cabinets, tables, and other 
Many people talk about it——- but who has done furniture units are integrated into a science de- 


anything about it? partment which enables the instructor to give 
apt students the intensive training they require 
Sheldon has. and you see one of the results I 8 7 
a ’ = a: P for science careers — without neglecting other 
illustrated above. The Sheldon Total Experience 8 8 
a ak boys and girls who must have a thorough indoc- 
Science Table now makes it easy for the second- she _— os 
ea 7 trination in science to lead better adjusted 
ary school to provide a broader curriculum of - 


ee adult lives. 
related sciences for all students in minimum “* 


floor space — with maximum teaching efficiency. 
This unit is. of course, but one factor in the 
Total Experience Science Laboratory as con- 
ceived by Sheldon according to educationally i 


Copies of the Sheldon Total Experience **Educationally Correct”’ 


Science Furniture catalog are available upon R 
request for school teachers and administra- ~ c1e nce 
tors planning new science departments. 


Furniture 


E. H. SHELDON EQUIPMENT COMPANY 
MUSKEGON + MICHIGAN 
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CENCU 
MERCURIAL 


BAROMETERS 


Above: Close-up of the con- Accuracy eee day in and day oe 
2 hg ee cman ‘round the clock dependability . . . that’s 
5 what you get in a Cenco Mercurial 
cetne etth atite tee Barometer. Cenco features . . . patented 
quered metal mounting. improvements . . . precision manufac- 
ture . . . plus an effective method of 
filling under vacuum . . . combine to provide an instrument 

of unusual quality at a remarkably low price. 








These instruments are built with the tube completely enclosed 
in hexagonal brass tubing to which the metric and English 
scales are attached. Patented construction of the mercury well 
permits fine adjustment and its transparent glass wall admits 
plenty of light for good visibility. 


Cenco Mercurial Barometers are constructed as prescribed by 
the U. S. Weather Bureau and conform to correction charts 
established by the Bureau. 


Order today for prompt delivery 


No. 76890 Cenco Mercurial Barometer for altitudes 0 to 4000 ft. 
with scales ranging from 600 to 800 mm and 24.5 to 31.5 inches— $ 
verniers for reading to 0.1 mm or 0.005 inch. Each. AS.50 


No. 76891 Cenco Mercurial Barometer, same as No. 76890 but 


for altitudes from 1500 up to 10,000 feet. Scale ranges from $ 
500 to 700 mm and 19.5 to 27.5 inches. Each. ... 56.50 


No. 76892 Barometer Mounting made of sheet metal for safe and convenient 
mounting of Cenco barometers. Finished in white lacquer to provide 

@ light background for adjusting the zero index and vernier. With $ 
conversion table. Length, 372 inches, width 3% inches. Each... 6.75 











cena! CENTRAL SCIENTIFIC COMPANY 


eeee! 
4 ey . — 1718-O IRVING PARK ROAD a CHICAGO 13, ILLINOIS 
everything you need in scientific instruments CHICAGO NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO 


TL SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER OTTAWA 


REFINERY SUPPLY COMPANY 
624 EAST FOURTH STREET @ TULSA 3,OKLAHOMA 
2215 McKINNEY AVENUE © HOUSTON 3,TEXAS 








